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PREFACE. 


Thb  preparation  of  a  "Text-Book  of  Mineralogy"  was  undertaken  in 
"•868,  by  Prof.  J.  D.  Dana,  immediately  after  the  publication  of  the  fifth 
edition  of  the  System  of  Mineralogy.  The  state  of  his  health,  however, 
early  compelled  him  to  relinquish  the  work,  and  he  was  not  able  subsequently 
to  resume  it  Finally,  after  the  lapse  of  seven  yeai*s,  the  editorship  of  the 
volnme  was  placed  in  the  hands  of  the  writer,  who  has  endeavored  to  carry 
oat  the  original  plan« 

The  work  is  intended  to  meet  the  requirements  of  class  instruction.  With 
this  end  in  yiew  the  Descriptive  part  has  been  made  subordinate  to  the 
more  important  subjects  embraced  under  Physical  Mineralogy. 

The  Crystallography  is  presented  after  the  methods  of  Nanraann ;  his 
Bjstem  being  most  easily  understood  by  the  beginner,  and  most  convenient 
for  giving  a  general  knowledge  of  the  principles  of  the  Science.  For  use 
in  calculations,  however,  it  is  much  less  satisfactory  than  the  method  of 
Miller,  and  a  concise  exposition  of  Miller's  System  has  accordingly  been 
added  in  the  Appendix.  The  chapter  on  the  Physical  Characters  of  Min- 
erals has  been  expanded  to  a  considerable  length,  but  not  more  than  was 
absolutely  necessary  in  order  to  make  clearly  intelligible  the  methods  of 
using  the  principles  in  the  practical  study  of  crystals.  For  a  still  fuller 
disenssion  of  these  subjects  reference  may  be  made  to  the  works  of  Schrauf 
and  of  Groth,  and  for  details  in  regard  to  the  optical  characters  of  mineral 
species  to  the  Mineralogy  of  M.  DesCloizeanx. 

The  Descriptive  part  of  the  volume  is  an  abridgment  of  the  System  of 
Mineralogy,  and  to  that  work  the  student  is  referred  for  the  history  of  each 
species  and  a  complete  list  of  its  synonyms ;  for  an  enumeration  of  ob- 
served crystalline  planes,  and  their  angles ;  for  all  published  analyses ; 
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D^TRODUCTION. 


<  »  » 


The  Third  Kingdom  of  Nature,  the  Inorganic,  embraces  all  species  not 
organized  by  living  growth.  Unlike  a  plant  or  animal,  an  inorganic  spe- 
cies is  a  simple  chemical  compound,  possessing  unity  of  chemical  and  physi- 
cal nature  throughout,  and  alike  in  essential  characters  through  all  divei-sity 
of  age  or  size. 

The  Science  of  Mineralogy  treats  of  those  inorganic  species  which  occur 
ready  formed  in  or  about  the  earth.  It  is  therefore  but  a  fragment  of  the 
Science  of  Inorganic  nature,  and  it  owes  its  separ8.te  consideration  simply 
to  convenience. 

The  Inorganic  Compounds  are  formed  by  the  same  foroes,  and  on  the  same  principles, 
whether  produced  in  the  laboratory  of  the  ohemisfc  or  in  outdoor  nature,  and  are  strictly  no 
more  artificial  in  one  case  than  in  ihe  other.  Oalcium  carbonate  of  the  chemical  laboratory 
is  in  every  character  the  same  identical  substanoe  with  calcium  carbonate,  or  calcite,  found 
in  the  rocks,  and  in  each  case  is  evolved  by  nature^s  operations.  There  is  hence  nothinj^ 
whatever  in  the  character  of  mineral  species  that  entitles  them  to  constitute  a  separate 
division  in  the  natural  classification  of  Inoiganic  species. 

The  objects  of  Mineralogy  proper  are  three-fold  :  1,  to  present  the  true 
idea  of  each  species  ;  2,  to  exhibit  the  means  and  methods  of  distinguishing 
species,  which  object  is  however  partly  accomplished  in  the  former  ;  3,  to 
make  known  the  modes  of  occurrence  and  associations  of  species,  and  their 
geographical  distribution. 

In  presenting  the  science  in  this  Text  Book,  the  following  order  is 
adopted : 

L  Physical  Mineraxoot,  comprising  that  elementary  discussion  with 
regard  to  the  structure  and  form,  and  the  physical  qualities  essential  to  a 
right  understanding  of  mineral  species,  and  their  distinctions. 

II.  Chemio/ll  and  DETEKMiNATnrE  MiNERALooY,  presenting  briefly  the 
general  characters  of  species  considered  as  chemical  compounds,  also  giving 
the  special  methods  of  distinguishing  species,  and  tables  constructed  for  this 
purpose.  The  latter  subject  is  preceded  by  a  few  words  on  the  use  of  the 
blow-pipe. 

III.  Desokiptivb  Mtnebaloot,  comprising  the  classification  and  descrip- 
tions of  species  and  their  varieties.  The  descriptions  include  the  physical 
and  chemical  properties  of  the  most  common  and  important  of  the  minerala^ 


VIU  INTRODUOnON. 

with  some  account  also  of  their  association  and  geographical  distribution. 
The  rarer  species,  and  those  of  uncertain  compositiou,  are  only  very  briefly 
noticed. 

Besides  tlie  above,  there  is  also  tlie  department  of  Ecanomxe  Mineralogy^  which  is  not  here 
included^  It  treats  of  the  uses  of  minerals,  (1)  as  ores ;  (2)  in  jewelry ;  and  (3)  in  the  coarser 
arts. 

The  following  subjects  connected  with  minerals  properly  pertain  to  Geology  :  1,  LitTido- 
ffieal  geology,  or  Lithohgy^  which  treats  of  minerals  as  constituents  of  rocks.  2,  Chemical 
Qeologyy  which  considers  in  one  of  its  subdivisions  the  origin  of  minerals,  as  determined,  in 
the  Ught  of  chenwstry^  by  the  associations  of  species,  the  alterations  which  species  are  liable 
to,  or  which  they  are  known  to  have  undergone,  and  the  general  nature,  origin,  and  changes 
of  the  earth's  rock  formations.  Under  chemical  geology,  the  department  which  considers 
especially  the  associations  of  species,  and  the  order  of  succession  in  such  associations,  has 
received  the  special  name  of  the  paragenesis  of  minerals  ;  while  the  origin  of  minerals  or 
rooks  through  alteration,  is  called  metamorphiam  or  pseudomorphism,  the  latter  term  being 
restricted  to  those  cases  in  which  the  crystalline  form,  and  sometimes  also  the  cleavage,  of 
a  mineral  is  retained  after  the  change. 


For  a  catalogue  of  mineralogical  works,  and  of  periodicals,  and  transactions  of  Scientific 
Societies  in  which  mineralogical  memoirs  have  been  and  are  published,  reference  is  made  to 
the  System  of  Mineralogy  (1868),  pp.  xxxv-xlv.,  and  Appendix  IL  (1874).  The  following 
works,  however,  deserve  to  be  mentioned  as  will  be  found  useful  as  books  of  reference. 

In  Crtstallografhy  : 

Naumann.  Lehrbuch  der  reinen  nnd  angewandten  Kzystallographie.  2  vols.,  Svo. 
Leipzig,  1829. 

Naumann.  Anfangsgrimde  der  Krystallographie.    2d  ed.,  292  pp.,  Svo.     Leipzig,  1854. 

Naumann.  Eleraente  der  theoretischen  Krystallographie.     883  pp.,  Svo.     Leipzig,  1856. 

MiUer.  A  Treatise  on  CrystaUography.     Cambridge,  1839. 

QraiUch.  Lehrbuch  der  Krystallographie  von  W.  H.  MiUer.     328  pp.,  8vo.     Vienna,  1856. 

Kopp.  Einleitxmg  in  die  Krystallographie.     348  pp.,  Svo.     Braunschweig,  1862. 

Von  Lang,  Lehrbuch  der  Krystallographie.     358  pp.,  Svo.     Vienna,  1866. 

Quenstedt.  Grundriss  der  bestimmenden  und  rechnenden  Krystallographie.  Tubingen,  1873. 

Hose-Sadebeck,  Elemente  der  Krj-stallographie.  3d  ed.,  vol.  i.,  181  pp.,  Svo.  Berlin, 
1873.     Vol.  ii,  Angewandte  Krystallographie.     284  pp.,  Svo.     Berlin,  1876. 

Schrauf.  Lehrbuch  der  Physikalischen  Mineralogie.  Vol.  i.,  Krystallographie.  251  pp., 
Svo.,  1866;  vol.  ii.  Die  angewandte  Physik  der  KrystoUe.     426  pp.    Vienna,  1868. 

6V<?^.  Physikalische  Krystallographie.     527  pp.,  Svo.     Leipzig,  1876. 

Klein,  Einleitung  in  die  Krystallberechnung.     393  pp.,  Svo.     Stuttgart,  1876. 

In  PiTYSiCAL  Mineralogy  the  works  of  5b^rat//(1868),  and  Oroth  (1876),  titles  as  in  the 
above  list.  Reference  is  also  made  to  the  works  on  Physics  mentioned  on  p.  156.  In  addi- 
tion to  these,  on  pp.  Ill,  US,  156,  163,  167  a  few  memoirs  of  especial  importance  on  the 
different  subjects  are  enumerated. 

In  Chemical  Mineraloot  :  liammelsberg,  Handbnch  der  Mineralchemie,  2d  ed. ,  Leipzig, 
1875.     In  Determinative  Mineralogy,  Bru^h  (New  York,  1875). 

In  Descriptive  Mineralogy  :  among  recent  works  those  of  Brooke  and  Miller  (2d  ed.  of 
Phillips'  Min.),  London,  1852  ;  Qumstedt,  2d  ed.,  Tubingen,  1863;  Sdirauf,  Atlas  der  Krys- 
tallforraen,  Lief.  I. -IV.,  1871-1873  ;  Kokscharof  Materialien  zur  Mineralogie  Russlands, 
vol  i., 1865,  vol.  vL,  1874;  BesCioizeaux,  vol.  i.,  1862,  vol.  ii.,  Paris,  1874;  i><i/ta,  System  of 
Mineralogy,  1868,  App.  L,  1872,  App.  IL,  1874 ;  Blum,  4th  ed.,  1874  ;  Naumann,  9th  ed.,  1874. 

The  following  publications  are  devoted  particularly  to  Minei-alogy  : 

Jahrbuch  fiir  Mineralogie  ;  G.  Leonhard  and  H.  B.  Geinitz  Editors,  Stuttgart. 

Tschermak  Mineralogische  Mittheilungen  ;  G.  Tschermak  Editor,  Vienna. 

Mineralogical  Magazine  and  Journal  of  the  Mineralogical  Society  ;  London,  and  Truro. 
Cornwall.     Commenced  1875. 

Zeitschrift  fur  Krystallographie  ;  P.  Groth  Editor ;  Leipzig.     Commenced  1876. 


ABBREVIATIONS  EMPLOYED  IN  THE  DESCRIPTION  OF  SPECIBfiL 


B.B.  Before  the  Blowpipe  (p.  188).  Obs.  Observations  on  occorrenoe,  eto 

Oomp.  Gompoeifcion.  O.F.  Oxidizing^  Flame  (p.  182). 

Dift  Differences,  or  distinotlTe  dharaofceza.  Pyr.         Pyrogfnostics. 

G.  Specifio  Grayity.  Q.  Ratio.  Qnantiyalent  Ratio  (p.  178). 

Germ.  German.  R.F.  Reducing  Flame  (p.  188). 

H.  Hazdneai.  Var.         Yarietiea. 


P-A-RK   I. 


PHYSICAL   MINERALOGY. 


•'  -• 


The  grand  departments  of  the  science  here  considered  are  the  following  :%'*  ,. 
1.  Strcctube. — Structure  in  Inorganic  nature  is  a  result  of  matheinati-  -v- 
cal  symmetry  in  the  action  of  cohesive  attraction.     The  forms  produced    "  . 
are  regular  solids  called  crystdU  ;  whence  morphology  is,  in  the  inorganic 
kin^om,  called  cbystalloloqy.     It  is  the  science  of  structure  in  this  King- 
dom of  nature. 

2.  Physical  pboprbties  of  Minerals,  or  those  depending  on  relations  to 
liorht,  heat,  electricity,  magnetism  ;  on  di£Ferences  as  to  density  or  specific 
gravit}',  hardness,  taste,  odor,  etc. 

Crystallology  is  naturally  divided  into,  I.  Crystallography,  which  treats 
of  the  forms  resulting  fn>m  crystallization ;  IL  Crystallogeny,  which  de- 
scribes the  methods  of  making  crystals,  and  discusses  the  theories  of  their 
origin.    Only  the  former  of  these  two  subjects  is  treated  of  in  this  work. 


SECTION  L 

CRYSTALLOGRAPHY. 

Crystallography  embraces  the  consideration  of — (1)  normally  formed  or 
regular  crystals ;  (2)  twin  or  compound  crystals ;  (3)  the  irregularities  of 
crystals  ;  (4)  crystalline  aggregates ;  and  (5)  pseudomorphous  crystals. 

1.  General  Charaoters  of  Crystals. 

(1)  External  form, — Crystals  are  bounded  by  plane  surfaces^ 
called  simply  planes  or  faces,  SYmmetrically  arranged  in  refer- 
ence to  one  or  more  diametral  lines  calle({  axes.  In  the  an- 
nexed fiffure  the  planes  1  and  the  planes  i  are  symmetrically 
arranged  with  reference  to  the  vertical  axis  c  o  ;  and  also  the 
planes  of  each  kind  with  reference  to  the  three  transverse  axes. 

(2)  Constancy  of  angle  in  the  same  species. — The  crystals  of 
any  species  are  essentially  constant  in  the  angle  of  inclination 
between  like  planes.    Ttie  angle  between  1  and  ij  in  a  given 
species*  is  always  essentially  the  same,  wherever  the  crystal  is  found,  and 
whether  a  product  of  nature  or  of  the  laboratory. 


3  :-,  ■.  CBrSTAI.LOGKAPHT. 

(3)  Diffifm'ce  of  angle  of  diS^ent  species. — The  cryetals  of  differei 
epet^iea  aSftunonly  differ  in  Aii<r^B  between  eorrcBpondiiiy  planes.  Th 
angleB  of 'cr5'stal9  are  coiiseqnentl^P  means  of  distinguishing  species. 

(4)  ^Ivirsity  of  planes. — While  in  the  cryetals  of  a  ffiveii  species  thei 
is  con&t^cy  of  angle  between  like  planes,  the  forms  of  the  crystals  may  h 
exceedingly  diverse.     The  accompanying  figuves  are  examples  of  a  few  0 


the  forms  of  tlie  species  zircon.  There  is  hardly  any  limit  to  the  nnmberc 
forme  which  may  occnr  ;  jet  for  each  the  angles  between  like  planes  u 
essentiall}'  constant. 

CTTHtala  occur  of  nil  idiea,  from  the  mereit  microaoopio  point  to  a  jtiA  or  more  in  dlam 
t«r.  A  Bii^le  aryntal  of  qoatti,  noiir  at  Jfilnn,  is  three  and  a  qnacter  feet  long,  and  five  and 
half  In  oitcamfeience  ;  and  its  weight  is  estimated  at  eight  hundred  and  seventy  poond 
A  single  oavit;  in  a  vein  of  qiurtz  near  the  Tiefen  G-lacier,  in  Switzerland,  discovered  I 
ISAT.  has  afforded  smoky  quartz crjBCalH  weighirig  in  the  aggregate  about  30,000  ponnda; 
oonsldetable  number  of  Che  single  ciystalB  having  a  weight  of  300  to  S50  pounds,  or  en 
more.  One  of  the  gigantic  beryls  from  Aowortb.  New  Hampshire,  measures  four  feet  I 
length,  and  two  and  a  half  in  oircumference;  and  another,  at  Orafton,  Is  over  four  feet  loof 
and  tl)^y-two  inches  in  one  of  its  diameters,  and  does  not  weigh  less  Uian  two  and  ■  ha 
tona  But  tbe  highest  perfection  of  form  and  tranaparenoy  are  found  only  in  oryatala  i 
■mall  Bite. 

In  its  original  signification  the  term  eryital  was  applied  only  to  cryatsls  of  qnartt  (C.  1 
which  the  ancient  philoeopben  belieted  to  be  wattr  congealed  l^  Intenae  cold.  Hboo*  tt 
term,  from  irpi>irTiiA\ai,  iti. 


(5)  Symmetry  in  the  positum  of  planes. — ^The  pianos  on  the  ciystal 
of  any  species,  however  numemus,  are  arranged  in  accordance  with  cortal 
laws  of  symmetry  and  nnmerical  ratio.  If  one  of  the  Bimpler  forms  b 
taken  as  a  primary  or  fundamental  fottn,  all  other  planes  will  be  secoiidar 

E lanes,  or  modifications  of  the  fundamental  f  onn.  It  should  be  observec 
owever,  that  the  forma  called  primary  and  fundamental  in  crystallograplii 
description,  are  in  general  merely  so  by  assumption  and  for  convenienc 
of  reference.   {See  also  p.  12.) 

Cleavage. — Besides  extemal  symmetry  of  form,  crystallization  produce 
also  rM;iilarity  of  internal  structure,  and  often  of  fracture.  This  regiilai 
ity  of  iractnre,  or  tendency  to  break  or  cleave  along  certain  planes,  is  calle 
aeavage.  T!ie  surface  afforded  by  cleavage  is  often  smooth  and  brilli&u: 
The  directions  of  cleavage  are  thoee  of  least  cohesive  force  in  a  crystal  j : 


•  •  • 
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Is  not  to  oe  underatood  that  the  cleava^  lamellee  are  in  any'^^ise  present 
before  they  are  made  to  appear  by  frfc^re.  /**: 

In  regard  to  cleavage,  two  principfce  may  be  here  stated  :'-=^^'Iii  any 
'Bpecies,  the  direction  in  which  cleavage  takes  place  is  always.'^^fallel  to 
some  plane  which  either  actually  occurs  in  the  crystals  or  Tnay  ^xist  there 
'in  accordance  with  the  general  laws  which  will  be  stated  hereafter.     ,.^ 

(&)  Cleavage  is  uniform  as  to  ease  parallel  to  all  like  planes  ;  tlrat  is,  if 
it  may  be  obtained  parallel  to  one  plane  of  a  kind  (as  1, 1. 1),  it  may  U^I^rb- 
tained  with  equal  facility  parallel  to  each  of  the  other  planes  1  ;  and*jrill 
afford  planes  of  like  lustre.  This  is  in  accoixJance  with  the  symmetry  "if- 
crvstallization.  It  will  be  evident  from  this  that  the  angles  between  planes 
of  like  cleavage  will  be  constant :  thus,  a  mass  of  calcite  under  the  blow  oi 
a  hammer  will  separate  into  countless  rhombohedrons,  each  of  which  affords 
on  measurement  the  angles  74®  55'  and  105°  5'.  In  a  shapeless  mass  of 
marble  the  minute  grains  have  the  same  regularity  of  cleavage  structure. 
See  further,  p.  115. 

2.  Descriptions  or  somb  of  the  simpler  forms  of  Crystals. 

Preliminary  DEFnnnoNs.  Angles, — In  the  descriptions  of  crystals  three 
kinds  of  angles  may  come  under  consideration,  solid^plan^^  and  interfor 
dal.    The  last  are  the  inclinations  between  the  faces  or  planes  of  crystals. 

Ajxes. — The  orystallogriwhic  axes  are  imaginary  lines  passing  through 
the  centre  of  a  crystal.  They  are  assumed  as  axes  in  order  to  describe,  by 
reference  to  them,  the  relative  positions  of  the  different  planes.  One  of 
the  axes  is  called  the  verticaly  And  the  others  the  lateral  :  the  number  of 
lateral  axes  is  either  two  or  three.  The  axes  have  essentially  the  same  re- 
lative lengths  in  all  the  crystals  of  a  species ;  but  those  of  different  species 
often  differ  widely 

Diaiaetral  planes. — The  planes  in  which  any  two  axes  lie  are  called  the 
astlal or  dlaraetral planes  or  sections;  they  are  the  coordinate pla7ies  of  an- 
alytical geometry.  They  divide  the  space  about  the  centre  into  sectants; 
1  into  eight  sectants,  called  oetaivts^  if  there  are  but  two  lateral  axes,  as  is 
l^renerally  the  case  ;  but  into  twelve  sectants  if  there  are  three,  as  in  hexa- 
gonal crystalline  forms. 

/diagonal  planes  are  either  diagonal  to  the  t/tree  axes,  as  those  through 
the  centre  connecting  diagonally  opposite  solid  angles  of  a  cube,  oi  diag- 
onal to  two  axes,  and  passing  through  the  third,  as  those  connecting  diag- 
onally opposite  edges  of  the  cube. 

Similar pl-anes  and  edge^  are  such  as  are  similar  in  position,  and  of  like 
ai^gles  with  reference  to  the  axes  or  axial  planes.   Moreover,  in  the  case  of 
siniilar  edges,  the  two  planes  by  whose  intersection  the  edges  are  formed, 
i|iieet  at  the  same  angle  of  inclination.     For  example,  all  the  planes  and 
!J   edges  of  the  tetraliearon  (f.  9),  regular  octahedron  (f.  11),  cube  (f.  14), 
'  I^ilpis'bic   dodecahedron  (f.  19),  are  similar.     In  the   rhombohedron  {i.  16) 
re  are  two  seto  of  similar  ediges,  six  being  obtuse  and  six  acute. 
^  3olid  angles  are  similar  when  alike  in  plane  angles  each  for  each,  and 
-wlito  formed  by  the  meeting  of  planes  of  the  same  Kind. 

A  combination-edge  is  the  edge  formed  by  the  meeting  or  intersectio  i  oi 
tn^  planes. 
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'Truncatitfns^  hevelments, — In  a  crystal,  an  edge  or  angle  is  said  to  be  re- 
placed  whVn.  the  place  of  the  ed|;€^  or  angle  is  oeenpied  bv  one  or  mow 
planes  j^-jiiWit"  in  the  case  of  tlie  replacefnent  of  an  edge,  the  r^lacinc 
plaiie^jl^jiice  parallel  intersections  with  the  including  planes,  that  is,  with 
the  dh-^Jtion  of  the  replaced  edge  (f.  43). 

-i^  replacement  of  an  edge  or  angle  is  a  truncation  when  the  replacing 

p^aneVniakes  equal  angles  with  the  including  planes.     Thus,  in  f.  6«  i-t 

ti^\ln4:afe.^  the  edge  between  /  and  1. 

^•/\An  edoro  is  said  to  be  bevelled  ^hen  it  is  replaced  by  two  similar  planes, 

**t!hat  is,  by  planes  having  like  inclinations  ti>  the  adjoining  planes.     Thus, 

•/in  f .  5,  the  edge  between  3, 3,  is  bevelled  by  the  two  planes  3-3, 3-3,  the  right 

%  3-3  an<l  3  having  the  same  nintual  inclination  as  the  left  3-3  and  3.     So, 

'  in  f.  1*J2,  p.  43,  tne  edge  between  /and  1  is  bevtUed  by  the  planes  £-§,  t-i 

Truncations  and  bevelnients  of  edges  take   place  onlv  between  similar 

planes.     Thus  /,  /,  and  3,  3,  are  similar  planes  in  fig.  5.    l^he  edge  i^i  might 

bo  trttncaftd  or  beceVed^  for  the  same  reason  ;  but  not  the  edge  between  1 

and  /,  since  1  and  /  are  dissimilar  planes. 

A  Zinui  is  a  series  of  planes  in  which  the  combination-edges  or  mntnal 
intersections  i\rejhint/M.  Thus,  in  tig.  3,  the  planes  1,  3,  /make  a  vertical 
zone ;  so  in  f .  8,  the  planes  between  1  and  i-i  make  a  zone,  and  this  sone 
actually  continues  abi>ve  and  beU>w,  ai\>und  the  crystal ;  in  f.  5,  the  planes 
3,  3-3,  3-3, 3  are  in  one  zone ;  and  i-/,  /,  i-/,  /,  in  another.  On  the  true 
meaning  i>f  zones,  see  p.  53. 

The  above  explanations  are  preliminary  to  the  descriptions  of  the  forma 
of  all  crvstals. 

A.  —  FOKMS    COSTAISED  rKDEB   FOTJB 
EQUAL   TRIANGULAB    PI.A>TE8. A.  SeffU- 

lar  tetrithedron  if.  V»).    Edges  six ;  solid 
angles  four.     Fac*es   equilateral  ti-ian- 

fles,  and  plane  angles  therefore  60°. 
nterfacial  angles  70'^  31'  44".  Named 
fn>m  T€Tpaxi<;^  Jour  timely  and  fBpa^ 
jiice 

S.  Sj^fienoid  (f.  lOV  Faces  isosceles  triangles,  not  equilateral.  Plane  and 
interfaoial  angles  varying ;  the  latter  of  two  kinds,  (a)  two  terminal,  ^4)  foiu* 
lateral.     Named  fn.^m  cr^^i'.  a  wctfye. 

B. Fl>RMS    OONTATNKD    FXDER    EIGHT    TBIAXGULAS    PLANES. — The     Sollds 

here  inrludtHl  are  called  *H'/<i/#c>/rf>/kv,  from  Arrojci^,  eiffAt  times^  and  SBpOy 
/iitv.  They  have  twelve  edges ;  and  six  s<.Jid  angles.  One  of  the  axes, 
when  they  ditTer  in  length,  is  made  the  vertical  axis ;  and  the  others  are 
the  lateral  axi^.  The  s^»lid  angles  at  the  extremities  of  the  vertical  axes  are 
the  vortiiul  or  terminal  solid  angU^;  the  other  four  are  the  lateral.  The 
four  e»l^'s  Uitvting  in  the  ajx^x  v»f  the  tenninal  Si>lid  angle  are  the  terminal 
ediT^^s  :  :iie  otb.ers,  the  lateral  t»r  b:\s2il  eilges, 

1 .  AN  / » ;  \i r  i >•  -t* / 4« •  m »/*  «^f .  1 1 ».  Faces  eiiuilateral  triangles.  Interfaoial 
angle>  l"'.*'  -'^  U»  ;  angle  Ik*: ween  the  planes  K»ver  the  apex  of  a  solid 
auirle  7  •'•^  ol  44  :  ausrle  In^tweeu  eiliri^s  over  a  solid  aiurle  90~.  The  three 
H\ts  :iri-  eq'.ial.  auvi  iienoe  either  may  Ik?  made  the  vertical.  Lines  conuect- 
iiiiT  the  oeMres  .^i  opjv^ite  faces  are  called  the  ivAiAc^c/ai/  or  trigonal  inier* 
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axes  ;  and  those  connecting  the  centres  of  opposite  edges  the  dodecaheJral 
or  rhomhic  interaxes. 

2.  Square  Octahedron  (f.  12,  f.  12a).  Faces  equal  isosceles  triangles, 
not  equilateral.  The  four  terminal  edges  are  equal  and  similar;  and  so 
also  the  four  lateral. 


12a 


The  lateral  axes  are  eqtial ;  the  vertical  axis  may  be  longer  or  shorter 
than  the  lateral. 

3.  The  rhofnbie  octahedron  (f.  13)  differs  from  tlie  square  octahedron  in 
having  a  rhombic  base,  and  consequently  the  three  axes  are  unequal.  The 
basal  edges  are  equal  and  similar  ;  but,  owing  to  the  unequal  lengths  of 
the  lateral  axes,  the  terminal  edges  are  of  two  kinds,  two  being  shorter 
and  more  obtuse  than  the  other  two. 

C. — Forms  contained  under  six  equal  planes. — The  forms  here  in- 
cluded have  the  planes  parallelograms  ;  the  edges  are  twelve  in  number 
^nd  equal ;  the  solid  angles  eight. 

1.  Uvie  (f .  14).  Faces  equal  squares,  and  plane  angles  therefore  90°. 
The  twelve  edges  similar  as  well  as  equal ;  the  eight  solid  angles  similar  and 
equal.  Interfacial  angles  90**.  The  three  axes  equal  and  intersecting  at 
ri^t  angles. 

jLines  connecting  the  apices  of  the  solid  angles  are  the  octa/tedral  or  tri^ 
ffonal  interaxes,  and  those  connectiiu^  the  centres  of  opposite  edges  the 
dodecahedral  or  rhombic  interaxes.     if  the  cubic  axis  (=edge  of  the  cube) 

=  1,  then  the  dodecahedral  interaxes  =  V2  =1.414:21 ;  and  the  octahedral 

interaxes  =  |/3^=  1.73205.    And  if  the  dodecahedral  axis  =  1,  then  the 
octahedral  =  1.224745. 


t4 
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If  a  eabe  is  placed  with  the  ai>ex  of  one  angle  vertically  over  that  diagoDally  opposite,  that 
isy  with  an  octahedral  interazis  vertical,  the  parts  are  all  symmetricallj  arranged  around 
tniB  vertical  axis.  In  this  position  (f.  15)  the  cube  has  three  planes  inclined  toward  one  apex, 
and  three  toward  the  other  :  it  has  three  terminal  edges  meeting  at  each  apex  ;  and  six  lais- 
ral  edges  sitoated  symmetncaUy,  but  in  a  zigzag,  around  the  vertical  axifi.  If  lines  are 
drawn  connecting  the  centres  of  the  opposite  lateral  edges,  and  these  are  taken  as  the  lateral 
axes,  the  lateral  axes,  three  in  number,  will  lie  in  a  plane  at  right  angles  to  the  vertical,  and 
will  intersect  at  the  centre  at  angles  of  60^.  The  cube  placed  in  this  position  would  then  have 
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one  vertical  and  three  equal  lateral  axes  ;   and  as  the  lateral  aiM  correspond  to  the  dodeosr 
hedral  interaxes  of  a  cube,  the  ratio  of  a  lateral  axis  to  the  yertical  is  1 :  1.224745. 


2.  lihombohedron  (f.  16  to  18).     Faces  equal  rhombs.     The  twelve  edgCB 
of  two  kinds ;  six  obtuse,  and  six  acute,     oolid  angles  of  two  kinds  ;    two 
symmetrical,  consisting  each  of  three  equal  plane  angles ;  the  other  six  \\n 
symmetrical,  the  plane  angles  enclosing  them  being  of  two  kinds. 

Tlio  rhombohearon  resembles  a  cube  that  has  been  either  shortened,  or 
lengthened,  in  the  direction  of  one  of  the  octahedral  axes,  the  former  niak- 
ing  an  obtuse  rhombohedron,  the  latter  an  acute;  and  it  is  in  position  when 
this  axis  is  vertical,  the  parts  being  situated  symmetrically  about  this  axis, 
as  in  the  second  position  of  the  cube  above  described.  In  an  obtuse  rhom- 
bohedron (f.  16, 17),  the  terminal  solid  angles  are  bounded  by  three  obtuse 
plane  angles,  and  the  other  six,  which  are  the  lateral,  by  two  acute  and  one 
obtuse ;  the  six  terminal  edges  (three  meeting  at  each  apex)  are  obtuse,  and 
the  six  lateral  edges  are  acute.  Conversely,  in  an  acute  rhombohedron  (f. 
18)  the  terminal  angles  are  made  up  of  acute  plane  angles,  and  the  lateral 
of  two  obtuse  and  one  acute ;  the  six  terminal  edges  are  acute,  and  the  six 
lateral  obtuse.  The  axes  are  a  vertical,  and  three  lateral;  the  lateral  axes 
connect  the  centres  of  opposite  lateral  edges  and  intersect  at  angles  of  60**. 
The  cube  in  the  second  position  (f.  15)  corsesponds  to  a  rhombohedron 
of  90°,  or  is  intermediate  between  the  obtuse  and  the  acute  series. 

D. — Forms  contained  undeb  twelve  equal  planes.  1. 
RhonJbio  Dodecahedron  (f.  19).  Faces  rhombs,  with  the 
plane  angles  109°  28'  16",  70°  31'  44".  Edges  twenty-four, 
all  similar;  interfacial  angle  over  each  edge  120°.  Solid 
angles  of  two  kinds  :  (a)  six  acute  tetrahedral,  being  formed 
of  four  acute  plane  angles ;  and  (6)  eight  obtuse  trihedral, 
being  formed  of  three  obtuse  plane  angles.  Angle  between 
planes  over  apex  of  tetrahedi-al  solid  angle,  90° ;  angle  between 
edges  over  tne  same  109°.  28'  16".  The  axes  three,  equal, 
I'cctangular,  and  therefore  identical  with  those  of  the  regular  octahedron 
and  cube.  The  dodecahedral  intei-axes  connect  the  centres  of  opposite 
faces  ;  and  the  octahedral  the  apices  of  the  trihedral  solid  angles,     isauied 

from  Sa>S€iva^  twelve^  and  eSpa,  face. 

2.  Pyramidal  dodecahedron^  or  Quartzoid.  (Called 
also  iJihexagonal  Pymmid,  Isosceles  Dodecahedron.) 
Faces  isosceles  triangles,  and  arranged  in  two  pyramids 
placed  base  to  base  (t.  20).  Edges  of  two  kinds :  twelve 
e<]ual  terminal,  and  six  equal  basal;  axes,  a  vertical  diflFer- 
ing  in  length  in  different  species;  and  three  lateral,  equal, 
situated  in  a  plane  at  right  angles  to  the  vertical,  and  in- 
tersecting one  another  at  angles  of  60°,  as  in  the  rhombo- 
hedron. 
E. — Peisms. — Prismatic  forms  consist  of  at  least  two  sets 
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of  planes,  the  l)asal  planes  being  unlike  the  lateral.  The  bases  are  always 
equal ;  and  the  lateral  planes  parallelograms.  The  vertical  axis  is  unequal 
to  the  lateral,  (a)  Three-sided  prism.  A  right^  (or  erect)  prism,  having 
its  bases  equal  equilateral  triangles,  (b)  Four-sided  prisms.  Four  sided 
prisms  are  either  right  (erect),  or  oblique,  the  former  having  the  vertical  axia 
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t  anglea  to  the  l)aee  or  to  tlie  plane  of  the  lateral  axes,  and  the  latter 

fuare  or  Tetragonal  Prism  (f.  21,  23).  Base  a  square  ;  lateral 
3qnal.  Edges  of  two  kinds  ;  (a)  eight  basal,  equal,  each  (xintained 
a  the  base  and  a  lateral  plane  ;  (A)  four  lateral,  contained  between  the 
iteral  planes.  Interfacial  anglea  all  90°,  plane  angles  90".  Solid 
sight,  of  one  kind.  Axes  :  a  vertical,  differing  in  length  in  different 
and  longer  or  shitrter  than  the  lateral ;  two  lateml,  equal,  at  right 
to  one  another  and  to  the  vertical,  and  connecting  either  the  centres 
wite  lateral  planes  (f.  21)  or  edges  (f.  22).  The  cube  is  a  square 
rith  the  vertical  axis  equal  to  the  lateral. 


■ 
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iffht  Bhornhie  Pritm  (f.  23),  Base  a  rhomb ;  lateral  planes  equal 
lo^me.  Edges  of  three  kinds  :  {a)  eight  basal,  equal,  and  rectan- 
s  in  the  preceding  form  ;  (6)  two  lateral,  obtuse ;  and  (c)  two  lateral, 

Solid  angles  of  two  kinds  ;  (a)  obtuse  at  the  extremities  of  the  ob- 
ge,  and  (S)  acute  at  the  extremities  of  the  acute  edge.  Axes  rect- 
',  unequal  ;    a   vertical ;  a   longer  lateral,  tie  macj-odiagonal  axis 

from   /toKpK,  large),  and  a  shorter  lateral,  the  hraohydtagonal  axis 

from  ^pa')^m,  short), 
ight  Rectangular  Prism  (f.  24).     Base  a  rectangle,  and  in  conse- 

of  its  unequal  sides,  two  opposite  lateral  planes  of  the  prism  are 
■  than  tiie  other  two.  Edges  all  rectangular,  but  of  three  kinds  : 
r  longer  basal  ;  (5)  four  shorter  basal  ;  (<.■)  four  lateral.  Axes  con- 
the  centres  of  opposite  faces,  rectangular,  unequal;  a  vertical,  a 
iagonal,  aiida  braehydiagunal,  being  like  those  of  the  right  rhom- 
im.  In  the  rectangular  prism,  either  of  the  faces  may  be  made  the 
ud  either  axis,  consequently,  the  vertical. 

bliqtie  Prisma.  Figs.  25  and  26  represent  prisms  oblique  in  the 
>n  of  one  axis.  As  seen  in  them,  the  vertical  axis  o  is  oblique  to  the 
axis  d,  called  the  clinodiagonal  axis  ;  but  A,  the  ortkodiagonal  axis, 
ght  angles  to  both  c  and  a.  Similarly,  the  axial  sections  cb,  ha  ara 
iy  obliqne  in  their  inclinations,  while  wt,  cS  and  aa,  ba  are  at  right 
The  clinodiagonal  section  ca  is  called  the  section  or  plane  of  sym- 

form  in  f.  25  is  sometimes  called  a,n  ohliq'ue  rhomhio  prism.  The 
re  of  two  kinds  as  to  length,  but  of  four  kinds  as  to  intei4'at;ial  anglea 
3m  :  (d)  four  basal  obtuse ;  (J)  four  basal  acute  ;  (c)  two  lateral  ol>- 
i)  two  lateral  acute.  The  prism  is  in  position  when  placed  with  the 
igunal  section  vertical. 

27  and  28  show  the  doubly  oblique,  or  oblique  rJwmhuidal  prism, 
;h  all  the  axes,  and  lience  all  the  axial  sections,  are  oblique  to  each 
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other.     All  these  cases  will  receive  further  sttention  in  the  deecriptiou  <rf 
ftctiial  crystalline  forms. 
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The  prisms  (in  f.  21,  24,  2t),  28)  in  which  the  planes  are  parallel  to  tho 
three  diametral  sections,  are  sotnetimes  called  diametral  prisms.  Thii 
term  also  evidently  iiicliides  the  cube.  The  planes  which  form  these 
diametral  prisms  are  often  called  pinacoida.  The  terminal  plane  is  the 
basal  pinacoid,  or  simply  base ;  also,  in  f.  24  the  plane  (lettered  i-i)' parallel 
to  the  macrodiagona!  section  is  called  the  mtiCT-o^ria^OM^,  and  the  plane  (t-Q 
parallel  to  the  bi-achy diagonal  the  hrackypinacoid.  In  f .  20  the  ulane  (*-•) 
parallel  the  to  orthodiaeonul  section  is  called  the  orthopinacoid,  and  the 
plane  (i-\)  parallel  to  the  clinodiagonal  section  tho  clinopiTiacoid.  The 
word  ^tnoootc^  is  from  the  Greek  irUa^,  a  board. 

(c).  Siz-BiDKD  Pbism. — The  Sexoffotuil pTuto. 
Base  an  equilateral  hexagon.  Edges  of  two 
kinds:  (a)  twelve  basal, equal  and  similar,  (&)  six 
lateral,  equal  and  similar ;  interfacial  angle 
I  over  the  former  90°,  over  the  latter  120°.  Scuid 
angles,  twelve,  similar.  Axes:  a  vertical,  of 
_. ..  different  length  in  diSerant  species;  three  late- 
— '  ral  equal,  intersecting  at  angles  of  60°,  as  in  the 
rhombohedron,  and  the  dihexagonal  pyramid  or 
qnartzoid,  connecting  the  centres  either  of  the  lateral  edges  (f.  29),  or  lateral 
faces  (f.  30). 

3.  Stbteus  of  Cbtstaixizatioh. 

The  systems  of  crystallization  are  based  on  the  mathematical  relations  of 
the  forms  ;  the  axes  are  lines  assumed  in  order  to  exhibit  these  relations, 
they  mark  the  degree  of  symmetry  which  belongs  to  each  group  of  forms, 
and  which  is  in  feet  the  fundamental  distinction  between  them.  The  num- 
ber of  axes,  as  has  been  stated,  is  either  three  or  yttur — tlie  number  being 
four  when  there  are  three  lateral  axes,  as  occurs  cmly  in  hexagonal  forniB. 

Among  the  forms  with  three  axes,  all  possible  w>nditions  of  the  axes  exist 
both  as  to  relative  lengths  and  inclinations  ;  that  is,  there  are  (as  has  been 
exemplified  in  the  forms  which  have  been  described),  (A)  among  ortho- 
metric  kinds,  or  those  with  rectangular  axial  intersections;  (a)  the  three 
axes  equal ;  (i)  two  equal,  and  the  other  longer  or  shorter  tlian  the  two  ;  (t,-) 
tho  three  unequal ;  and  (B)  among  clinometria  kinds,  one  or  more  of  the 
intei-sectiona  may  be  oblique  (in  all  of  these  the  three  axes  are  unequal). 
The  systems  are  then  as  follows: 

A.  Axes  three  ;  orthometric, 

1.  Isometric  Svbtkm. — Axes  eqoal.  Examples,  cube,  regular  octahe- 
dron, rhombic  dodecahedren 
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3.  Tetba^gonal  System. — Lateral  axes  equal ;  the  vertical  a  varying  axis. 
Ex.,  square  prism,  square  octahedron. 

3.  Obtuorhombic  System. — Axes  unequal.  Ex.,  right  rhombic  prism, 
rectangular  prism,  rhombic  (xjtahedron. 

B.  Axes  three ;  clinoraetric. 

1.  MoNooLiNio  StrsTEM. — Axcs  unequal ;  one  of  the  axial  intersection 
oblique,  the  other  two  rectangular.    Ex.,  the  oblique  prisms  (f.  25,  26). 

2.  Tbiclinio  System. — Axes  unequal ;  three  of  the  axial  intersections  ob- 
lique.   Ex.,  oblique  rhoraboidal  prism  (f.  27, 28). 

0.  Axes  four. — Hexagonal  System. — Three  lateral  axes  equal,  intersect- 
ing at  angles  of  60^.  The  vertical  axis  of  variable  length.  Example, 
hexagonal  prisms  (f .  29,  30). 

The  so-called  Didinio  qratem  (two  obUqae  axes)  is  not  known  to  oooor,  for  the  sing^le  Rub. 
■taoce,  an  artifidal  salt,  supposed  to  oiystaUize  in  this  system  has  been  flhown  by  von  Zepha- 
roTioh  to  be  tridinio.  Moreover,  von  Lang,  Qnenstedt,  and  others  have  shown  mathemati- 
oalij  that  there  can  be  only  six  distinct  systems 

The  six  systems  may  also  be  aiTanged  in  the  following  groups : 

1.  laometric  (from  ?<ro9,  eqtuU^  and  fxirpop^  measure)^  the  axes  being  all 
eqaal :  including :  I.  Isometric  System. 

2.  Isodiametric,  the  latei*al  axes  or  diametere  being  equal ;  including : 
n.  Tetragonal  System  ;  III.  Hfxagonal  System. 

3.  Anisometrio  (from  avuro^^  uneqiml^  etc.),  the  axes  being  unegiial ;  in- 
cluding :  lY.  Orthorhombio  System;  V.  Monoolinio  System  ;     vl.  Tri- 

OLINIO  DYSTEM. 

A  further  study  of  these  diflfei'ent  systems  will  show  that  in  group  1 
the  crystals  are  formed  or  developed  alike  in  all  three  axial  directions;  in 
ffronp  2  the  development  is  alike  in  the  several  lateral  directions,  but  un- 
like vertically  ;  and  in  group  3  the  crystals  are  formed  unlike  in  all  three 
directions.  These  distinctions  are  of  the  highest  importance  in  relation  to 
the  physical  characters  of  minerals,  especially  their  optical  properties,  and 
are  often  referred  to  beyond. 

The  nnmbers  (in  Boman  numerals)  here  connected  with  the  names  of  the  system  are  often 
used  in  place  of  the  names  in  the  course  of  this  Treatise. 
The  systems  of  crystallization  have  been  variously  named  by  different  authors,  as  follows  : 

1.  IsoKETRic.  TeMular  of  Mohs  and  Haidiuger  ;  Isometrie  of  Hausmann ;  TstaenU  of  Nau- 
mann ;  Begular  of  Weiss  and  Rose ;  Cubic  of  Duf rcnoy,  MiUer,  Des  Cloizeauz ;  Morwrtietric  of 
the  earlier  editions  of  Dana's  System  of  Mineralogy. 

2.  Tetragon AL.  Pyramidal  of  Mohs ;  Viergliedriege,  or  Zwei-und-einnxige^  of  Weiss  • 
Tetragonal  of  Naumann  ;  Mtmodinietric  of  Hausmann  ;  Quadratic  of  von  Kobell ;  Dimetric  of 
early  editions  of  Dana's  System. 

3.  Hexagonal.  Rhombohedral  of  Mohs ;  Sechsgliedrige,  or  Dret-und-einaxige  of  Weiss; 
n*xago^nal  of  Naumann  ;  Monotrimetric  of  Hausmann.  • 

4.  OiiTHORHOMBic.  Prismatic^  or  OrVwtype^  of  Mohs;  Ein-und-Hnaxige  of  Weiss; 
Wiombic  and  AniHometrie  of  Naumann ;  Trimetric  and  Orthorhombic  of  Hausmann ;  THmt- 
ric  of  earlier  editions  of  Dana's  System. 

5.  MoNOCLiNic.  HerrUprUmatic  and  Hemiortltotype  of  Mohs;  Zwei-undeinglUderige  of 
Weiss;  Monodinohedral  of  Naumann  ;  CUfwr/iombic  of  v.  Kobell,  Hausmann,  Des  Cloizeaux ; 
Auffitic  of  Haidinger ;  ObUque  of  Miller;  Motiosymmetrie  of  Groth. 

6.  TarcLiNic.  Tetarto-priinnatic  of  Mohs  ;  bin-und-eingHederige  of  Weiss ;  Tridinohedral 
of  Naumann  ;  CUnorJwmboidal  of  v.  Kobell ;  Anarthic  of  Haidinger  and  Miller ;  Anart/ik,  at 
IkMy  Oblique^  ot  Des  Cloizeaux  ;  Atjpnmet/tiOf  of  Groth. 
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4.  Laws  with  befbrenge  to  the  planes  of  Cbystals. 

The  laws  with  reference  to  the  positions  of  the  planes  of  ciystaU  are  two: 
first,  the  law  of  simple  mathematical  ratio;  secondly,  the  law  of^mmetry. 

1.  The  Law  of  simple  Mathematical  Ratio. 

The  crystallographic  axes  afford  the  means,  after  the  methods  o^  analyti- 
cal geometiy,  of  expressing  with  precision  the  relative  positiona  of  the 
planes  of  crystals,  and  so  exhibiting  the  mathematical  ratios  pertaining  to 
crystallization.  These  axes,  as  has  been  stated,  are  snpposed  to  pass  through 
the  centre  of  the  crystal,  and  every  plane  mnst  intei'sect  one,  two,  or  three 
of  them.     The  position  of  a  plane  is  obviously  determined  by  the  position 

of  the  points  in  which  it  meets  these  axes. 
Thus  tlie  plane  A  B  C,  f.  81,  meets  the 
three  axes  at  the  points  A,  B,  and  C,  and 
its  position   is  determined  by  the   dis- 
tances O  A,  O  B,  O  C,   intercepted  be- 
tween these  points  and  the  centre  O. 
Similarly  the  plane   A  B  D  meets  the 
axes  in  the  ]X)int«  A,  B,  and  D,  and  its 
position  is  determined  by  tlie  distances 
O  A,  O  B,  O  D ;  and  in  the  same  manner 
with  any  other  plane.     On  the  crystals 
of  a  given  species  the  occurring  planes 
have  exact  numerical  relations  to  each 
other,  and  it  is  to  show  these  relations 
tliat  certain  lengths    of    tlie   axes  are 
assumed  as  units.     Thus,  in    the    case 
already  given  if  O  C,  O  B,  O  A,  or  more 
briefly  c,  J,  a,   ai-e  the  lengths  of   the 
axes  *  (strictly  speaking  semi-axes)  for  a 
given  species,  then  the  position  of  the 
first  plane  is  expressed  by  lcx\h\la\  that  of  the  second  by  2c  :  IJ  :  la 
(if  Ol)=20C),  and  still  another  plane  might  be  2o  :  2J  :  la,  and  so  on. 
Consequently   the  general   position   of  any  plane  may  be   expressed   by 
mc  :  no  :  ra,t  or  more  simply  mc:rd> :  a,  as  every  plane  is  for  simplicity 
supposed  to  meet  one  of  the  axes  at  the  unit  distance.     In  the  first  case 
mentioned  above,  m  =1  and  n  =  1 ;  but  in  general  m  and  n  may  vary  in 
value  from  zero  to  infinity.     The  law  of  simple  mathematical  ratio,  how- 
ever, requii-es  that  m  and  n,  which  express  the  ratios  in  the  lengths  of  the 
axes,  should  be  invariably  rational  numherSj  and  in  general  they  are  either 
whole  v.umber8  or  simple  fractions. 

This  principle  may  be  stated  as  follows  : 

The  position  of  the  planes  in  a  given  crystal  is  related  in  some  simpU 
ratio  to  the  relative  lengths  of  the  axes. 

*  The  vertical  axis  is  throughout  caUed  c,  aee  p.  53. 

•f  It  is  more  usual  and  analyticaUj  more  correct,  to  write  this  expression  ra  :  nb  :  mex 
but  as  the  UHual  symbols  take  the  form  m-n,  the  order  of  the  terms  used  here  and  elaewhers 
U  more  convenient. 
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This  subject  will  become  clear  in  the  subeequent  study  of  the  different 
-ystalliue.  forms ;  in  passing,  however,  reference  may  be  made 
>  f.  32  (zircon)  as  a  single  example.  The  planes  lettered  1 
lid  3  have  respectively  the  positions,  1(? :  16  :  la,  and  8c :  lb :  la, 
kud  in  the  second  case  the  vertical  axis  has  exdctly  three  times 
ihe  length  of  that  of  the  former ;  any  such  multiples  as  2.93  or 
8.(^7  are  crystallographically  impossible.  It  is  this  principle 
which  makes  crystallography  an  exact  mathematical  science. 
Stjine  apparent  exceptions,  such  as  occasionally  occur,  do  not  at 
aU  Bet  aside  this  rule. 

The  expi*ession  7710  i  nb  \  a\^  called  the  syrribol  of  a  plane,  as  it  expresses 
its  exact  mathematical  position,  and  the  values  of  m  and  n  are  called  its 
fo/rafiieters.  If  a  plane  intei*sects  two  of  the  axes,  but  not  the  third,  it 
is  parallel  to  it,  and  mathematically  it  is  said  to  cut  it  at  infinity  {^ )  ; 
knee  the  general  expression  for  a  plane  parallel  to  the  vei*tical  axis  c  (as  in 
f.  33)  will  oe  00  0- :  no  :  a,  or  oo  o  :  6  :  na^  according  as  a  or  &  is  taken  as 
the  Quit ;  for  a  plane  parallel  to  the  lateral  axis  o  (as  in  f.  34),  it  will  be 
m\vih\a\  if  parallel  to  the  lateral  axis  a  (as  in  f .  35),  mcib  x  coa. 
If  a  plane  is  parallel  to  two  axes,  b  and  a,  that  is,  intercepts  these  axes  at 


''^^^::^^ 


^»i  infinite  distance,  its  position  is  expressed  by  c  :  oo  J  :  oo  a,  as  is  illus- 
^^ted  by  f .  36 ;  again,  its  position  is  expressed  by  oo  c  :  J  :  oo  a,  if  parallel 
^  c  and  a ;  and  by  oo  c  :  oo  J  :  a,  if  parallel  to  c,  b.  These  may  also  be 
^n'tten  Oc  :  ft  :  a,  etc. 

The  following  important  principle 
lioold  be  kept  in  mind.  The  relative 
^ot  the  absoltUs  position  of  any  plane 
^^as  to  be  regarded,  and  hence  all 
i>Ianes  parallel  to  each  other  are 
-lystallographically  identical.  A 
plane  on  the  angle  of  tie  cube  is  the 
^rae,  if  the  mutual  inclinations  re- 
Uiain  .unchanged,  whether  large  or 
Small,  for,  though  the  actual  distances 
cut  off  on  the  axes  may  differ  in  each 
case,  the  ratios  of  these  axes  are  iden- 
tical. Again,  in  f .  37,  the  three  planes, 
k; :  4ft  :  2a,  and  2c  :2b  :  a.  and  c  : 
i :  ia  are  identical,  for  the  ratios 
)f  the  three  axes  are  the  same 
:hroughout,  the  planes  being  of  course 
panJleL    Similarly  the  symbol  1(? :  4ft  :  ia  may    be  written   3c  :  ft  :  a, 
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uiul  <*  \  tf\bi  fjoa  is  tho  same  bs  Oc  :b  :  a.  It  will  be  seen  that  tliis  prio* 
ripliMiiiiki^  it  right  to  regard  every  plane  as  meeting  one  of  the  axes  at 
I  ho  unit  <liKtance  from  the  centre,  which,  as  befoi*e  stated,  reduces  the 
^oimh'hI  oxprussion  of  any  plane  mc:nb:ra  to  the  simpler  form  mo  inbiOf 
or  mo  :  /> :  na. 

Tho  jirinciplo,  which  has  just  been  stated,  also  makes  it  evident  that  when 
tho  Hxori  are  all  equal,  they  are  not  necessarily  considered  in  naming  the 
Hinltioii  of  any  plane;  when  the  lateral  axes  alone  are  equal,  a  certain 
ongth  of  the  vertical  axis  must  be  assumed  for  each  species ;  and  when  all 
tho  axoH  are  unequal,  certain  lengths  for  two  of  the  axes,  expressed  in 
toniiH  of  tho  third  axis,  must  in  every  case  be  ado2>ted. 

Iltuu'c  the  funda?nental  form  or  any  species  may  be  regarded  aa  that 
(M'talicdron  whose  axes  correspond  in  relative  lengths  with  the  axes  o,  &,  a 
luloptcd  for  the  species.  The  faces  of  this  octahedron  intersect  the  axes  at 
<liMtaiU!cg  from  the  centre  equal  to  no,  nb^  na{pv  c\h\(i)  respectively,  and, 
liiiice  tlie  ratio  of  the  coefficients  which  expresses  the  position  or  these 
ilaiicH  is  1  :  1  :  1,  this  form  is  also  called  the  unit  octahedron.  But  the 
oriii  is  not  necessarily  fundamental ;  for  it  is  frequently  more  or  less  arbi- 
trarily assumed,  and  the  structure  or  genesis  of  the  crystals  of  a  species  may 
iioint  to  other  forms,  having  very  oifFerent  axial  relations,  as  will  appear 
roin  facts  stated  beyond. 
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MoDRLB.— For  clear  iUustration  of  the  axes  and  axial  ratios  of  planes  it  is  weU  to  haTe 
models  of  the  axes  made  of  rods  of  jKrood  mortised  and  glued  together  at  the  crossing  at  oentre. 
'J*he  rodM  may  be  half  an  inch  in  diameter  and  10  or  12  inches  long ;  for  the  Isometric  qrstem, 
three  equal  rods,  say  12  inches  long  *  for  the  Tetragonal  system,  two  of  12  inches  for  the 
lateral  axes  and  one  of  8  or  14  inches  for  the  vertical ;  for  the  Orthorhombic,  one  of  10  inchei 
for  axis  h^  one  of  10  inches  for  axis  c,  and  one  of  14  inches  for  axis  a,  (Either  axis  maj  be 
made  the  vertical  by  way  of  change.) 

For  the  Clinometric  systems,  make  a  second  model  like  that  for  the  Orthorhombio  system, 
but  with  the  rods  but  loosely  mortised  and  tied  together,  so  as  to  admit  of  a  little  movemeni 
at  centre.  Then,  the  model  when  in  its  more  natural  position  will  be  that  of  the  orthorhom- 
bio system,  the  intersections  being  all  reotangulsir.  But  by  pushing  the  front  rod  a  down  in 
the  plane  of  ea^  making  it  thus  oblique  to  c  while  at  right  angles  to  h^  the  model  wiU  repre- 
sent the  monoolinic  axes  ;  if  aU  the  intersxKstions  of  the  rods  are  oblique,  the  model  will 
represent  the  axes  of  the  TricUnic  system. 

Now  by  taking  a  large  piece  of  thick  pasteboard,  and  placing  it  in  different  positions  with 
reference  to  the  three  axes,  the  relations  to  the  various  planes  may  be  readily  illustrated. 

Models  of  the  various  forms  of  crystals  are  also  of  the  highest  importance  ;  and  t^e  best 
for  general  illustration  are  those  made  of  plate  glass,  some  of  them  having  the  positions  of 
the  axes  within  indicated  by  threads,  and  others  consisting  of  one  form  inside  of  another  to 
show  their  mutual  relationa  Such  glass  models  (first  made  by  Professor  Dana,  in  1885, 
and  recommended  in  the  first  edition  of  his  Mineralogy)  are  now  manufactured  of  great  per- 
fection at  Siegen,  in  Germany. 

Pasteboard  models,  likewise  useful  aids  to  the  study  of  cxystallography,  are  easily  made 
from  the  outlines  of  the  faces  of  the  various  forms,  which  have  been  prepared  by  varioas 
authors. 

Models  cut  in  hard  wood  representing  the  actual  forms  of  the  various  mineral  species  are 
very  valuable,  when  accurately  made.  They  not  only  show  the  relations  of  different  planes, 
but  may  also  be  advantageously  used  to  give  the  student  practice  in  the  mathematical  cal- 
culations of  the  axes  and  parameters,  the  angles  being  measured  by  him  as  on  an  actual 
cr^'staL  Such  models  have  the  advantage  of  being  of  convenient  size,  and  symmeHioally 
formed,  which  are  conditions  not  often  realized  in  the  crystals  furnished  by  nature. 

2.  Law  of  Stmmetrt. 
Thya  sjmmetry  of  crystals  is  based  upon  the  law  that  either  : 
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/.  All  parts  of  a  crystal  similar  in  position  with  reference  to  the  axes 
are  ^iniJ/ir  in  planes  or  modification^  or 

IL  Each,  half  of  the  simuar  parts  of  a  crystal^  cUtemate  or  symmetric 
oal  in  position  or  relation  to  the  other  half  may  be  alone  similar  in  its 
vlanes  or  modifications. 

The  forms  resulting  according  to  the  first  method  are  termed  holohe^ 
dral  forms,  from  oKo^^  all,  ISpOj  face ;  and  those  according  to  the  second, 
hemihedraly  from  fiijnav<if  half. 

According  to  the  law  of  full  or  holohedral  symmetry,  each  sectant  in  one 
of  the  rectangular  systems  (a)  should  have  the  same  planes  both  as  to  num- 
ber and  kind  ;  and  (&)  whatever  the  kinds,  in  each  sectant  there  should  be 
as  many  of  each  kind  as  a]*e  geometrically  possible.  But  in  hemihedrism^ 
either  {a)  planes  oi  a  kind  occur  only  in  half  of  the  sectants ;  or  else  {b) 
half  the  full  number  occur  in  all  the  sectants. 

In  the  isometric  system,  for  example,  if  one  solid  angle  of  a  cube  has 
upon  it  a  plane  equally  inclined  to  the  diametral  sections,  so  will  each  of  the 
other  angles  (or  sectants)  (f .  39-42). 

If  one  of  the  twelve  edges  of  the  cube  has  a  plane  equally  inclined  to  the 
enclosing  cubic  faces  (or  diametral  planes)  the  others  will  have  the  same 
(f .  43-46). 

Again,  one  of  the  solid  angles  of  a  cube  being  replaced  by  six  planes,  as 
in  f .  70,  this  law  requires  that  the  same  six  planes  should  appear  on  all  the 
other  solid  angles. 

But  under  the  law  of  hemihedrism  these  planes  may  occur  on  half  the 
solid  angles  of  the  cube,  and  not  on  the  other  half,  as  m  f .  87,  or  half  the 
full  number  of  planes  may  occur  on  all  the  angles,  as  in  f.  101.  This  subject 
is  further  elucidated  in  the  discussion  of  the  hemihedral  forms  belonging 
to  each  system  of  crystallization. 

Hksohedbism  is  of  various  kinds : 

1.  Holomorphic,  in  which  the  occurin^  planes  pertain  equally  to  both 
the  upper  and  lower  (or  opposite)  ranges  ot  sectants,  as  in  all  ordinary  hemi- 
hedral forms. 

2.  Hemimorphic^  in  which  the  planes  pertain  to  either  the  upper  or  the 
lower  range,  and  not  to  both,  and  hence  the  planes  are  only  half  enough  of 
the  kind  to  enclose  a  space,  whence  the  term  hemimorphic^  from  Hfiurv^j 
half  and  iLop^^formn 

Tlie  holomorphic  forms  may  be  either : 

A.  SemiholohedraX^  half  the  sectants  having  the  full  number  of  planes, 
or 

B.  Holohemihedr(dy  all  the  sectants  having  half  the  whole  number  of 
planes: 

A^in,  as  to  the  relative  positions  of  the  sectants  containing  the  planes, 
the  forms  may  be : 

a.  Verticacly-directj  in  which  the  sectants  of  the  upper  and  of  the  lower 
ranges  are  alternate^  but  the  upper  not  alternate  with  reference  to  the  lower, 
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and,  accordingly,  each  plane  above  is  in  the  satne  vertical  zone  with  a  like 
plane  below  ;  as  in  forms  described  on  pp.  34, 36. 

b.  Vertically-alternate^  in  which  the  sectants  of  the  upper  and  lower 
ranges  are  alternate^  and  also  the  upper  ar^  alternate  with  reference  to  the 
](»wer,  and,  accordingly,  each  plane  above  is  not  in  the  same  vertical  zone 
with  alike  plane  below;  as  in  the  tetrahedron  (f.  9),  rhombohedron  (f.  16), 
and  gyroidal  forms  (f.  182). 

c.  Vertically-oblique^  m  which  the  sectants  of  the  upper  and  lower  ranges 
are  adjacent^  but  the  upper  are  situated  diagonally  with  reference  to  tne 
lower,  being  on  the  opposite  side  of  a  transverse  diametral  or  diagonal 
plane  ;  as  in  hemihedrons  of  monoclinic  habit  under  the  orthorhombic 
system  (p.  45). 

Tetartohedrism. — Mathematically  the  rhombohedron  is  a  tiemitiedron  un- 
der the  hexagonal  system,  consequently  the  forms  that  are  hemihedral  to  the 
rhombohedron  are  tetartohedrona^  or  qxmrter-foiins.     See  p.  39. 

Tetartohedral  forms,  or  those  with  one-fourth  of  the  normal  number  of 
planes,  have  also  been  observed  in  the  Isometric  system.  The  term  mero- 
AednsiUj  from  fiipo<:j  part,  and  SBpa,  Jace,  has  been  used  in  place  of  hemi- 
hedrism,  to  include  both  this  and  tetartohedrism. 


L— ISOMETRIC  SYSTEM. 

A.  SblohedraZ  Forma. 

In  the  Isometric  system  the  axes  are  equal,  so  that  either  one  may  be  the 
vertical  axis,  and  each  may  be  called  a.  It  has  already  been  shown  that  the 
^neral  expression  for  any  plane  meeting  the  axes  c, o^a  is  mc  :  nb:  a;  and 
m  this  system  it  will  be  ma  :na  :  a,  or,  since  the  axes  are  equal,  simply 
m :  n  :  1.  Now  it  has  been  shown  also  that  according  as  a  plane  intei'sects 
tlie  several  axes  at  different  points,  or  is  parallel  to  one  or  more  of  them, 
this  fact  is  indicated  by  the  values  given  tor  m  and  n  in  each  case  (p.  11). 
Hence  expressions  for  all  the  forms  geometrically  possible  in  this  system 
will  be  obtained  if  to  m  and  n,  in  the  general  expression  m^  :  na:  a,  succes- 
sive values  are  given.  These  values  may  be  in  this  system,  0, 1,  a  number 
greater  than  1,  or  oo .     In  this  way  are  derived  : — 


1.    m:  ml     [m-n] 


2. 
3. 
4. 

5. 
6. 


wi :  m 


m, 
1 

00 
00 


1 
1 

n 
1 


7.    CO  :oo 


1 
1 
1 
1 
1 
1 


[mrm'] 
[m] 

CI] 


when  m  and  n  have  both  different  values  greater 

than  unity, 
when  m  >  1,  n  =  m. 
when  m  >  1,  n  =1. 
when  m  and  n  =  1. 
when  m  =  00 ,  n  >  1. 
when  m  =  00 ,  71  =  1. 
when  m  and  n  =  oo . 


In  lettering  the  planes  of  the  several  forms  only  the  essential  part  of  the  i^mbol  is  nsed:  the 
cube  is  H  (hexahedron) ;  the  octahedron  1(=1  :  1  :  1) ;  the  dodecahedron  i*  (oo  :  1  :  1),  ( rf 
■taitds  for  infinity) ;  m  is  nsed  for  the  planes  m  :  1  :  1  ;  m-m  for  m  :  m  :  1 ;  «-nfor  x  :  n  :  1 ; 
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nil.  These  symbols  are  the  same  as  those  of  Naomann,  ezoept  that  he  wrote 
>f  f  for  infinity^  and  introduced  also  the  letter  0  (octahedron)  as  the  sign  of  the 
0  00  of  his  8y8tem=J7;   0=1  ;  oo  0=i  j  m  0=m  ;  in  0  m=m'm,  oo  0  n=i'n^ 


-m-n. 


yi  these   expressions,   appearing  at  first  sight  possibly  a  little 
may  be  translated  into  simple  language. 

-The  cube  with  the  symbol  oo  :  oo  :  1,  is  composed  of  planes  each 
lich  is  parallel  to  two  of  the  axes,  and  meets  the  third  at  it«  nnit 
3  f .  36).  It  is  evident  that  there  are  aix  such  planes,  one  at  each 
T  of  the  three  axes,  and  the  figure  or  crystal  which  is  enclosed  by 
planes  has  already  been  described  (p.  5)  as  the  cvhe  (f.  38). 
dron. — The  symbol  1:1:1  compri&es  all  those  planes  which  meet 
axes  at  the  same  distance,  that  is,  cut  off  the  unit  length  of  each, 
ent  that  there  must  be  eight  such  planes,  one  in  each  octant,  and 
ther  form  the  regular  octahedron  (f .  42),  which  has  already  been 
,  p.  4. 

medron. — The  symbol  oo  :  1 : 1  includes  those  planes  which  inter- 
of  the  axes  at  the  same  unit  distance,  and  are  parallel  to  the 
'here  can  be  twelve  planes  answering  to  these  conditions,  and  they 
ether  the  dodecahedron  (f .  46,  see  also  p.  6). 
three  forms,  the  cube,  octahedron,  and  dodecahedron,  are  those 
iraonly  occurring  in  tjiis  system,  and  it  is  important  that  their  i-ela- 
Id  be  thoroughly  understood.  The  transitions  between  these  formS| 
lodify  one  another,  are  exhibited  in  the  following  figures : 


89 


40 


41 


42 


.7^ 


i 


H 


45 


47 


8  and  42  represerit  the  cube  and  octahedron,  and  39,  40,  41,  the 
iate  forms.  Slicing  off  from  the  eight  angles  of  a  cube  piece  after 
h  that  the  planes  made  are  equally  inclined  to  If,  or  the  cubic  faces, 

is  finally  converted  into  the  regular  octahedron  ;  and  the  last 
ing  point  of  each  face  of  the  cube  is  the  apex  of  each  solid  angle 
tahedron.  The  axes  of  the  former,  therefore,  of  necessity  connect 
3  of  the  solid  angles  of  the  latter. 

rm  in  f .  40  is  called  a  cubo-octahedron.    ^A  1=125**  15'  52". 
;welve  edges  of  the  cube  are  truncated  Tfor  all  will  be  truncated  if 

affords  the  form  in  f .  43 ;  then  that  oi  f .  44 ;  tlien  the  dodecahe- 
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dron,  f.  4S  ;  the  axea  of  the  cube  becoming,  in  the  tranBit!on,  the  axes  vm 
necting  the  teti-ahedral  solid  angles  of  the  dodecahedron  ;  -ff  A  i  =  135°.  If 
tlie  twelve  edges  of  the  ottahedron  (f,  42)  are  truncated,  the  form  iu  f.  47 
i-esiilts  ;  and  by  conMiiaingthe  replacement,  finally  the  dodecahedron  again 
jfl  formed  (f.  46).  1  A  «  =  144°  44'  8".  The  last  point  of  the  face  of  the 
octahedron,  as  it  disappears,  is  the  apex  of  the  ti-ihedral  solid  angle  of  the 
dodecahedron. 

These  fonns  are  thus  mutually  derivable.  The  process  may  be  revereed, 
the  cnbe  being  derivable  from  the  dodecahedron  by  the  truncation  of  the 
tetrahedi-al  solid  angles  of  the  latter  (compare  in  succession  f.  45,  44,  48, 
38) ;  and  the  octahedron  by  the  truncation  of  the  trihedral  solid  angles 
(compare  f.  45,  47,  42).  These  remai-ks  are  important  as  showing  the  rela- 
tions between  these  forms,  though  it  is  of  course  not  intended  to  be  ander- 
stood  tliat  tliey  are  in  any  sense  deri\'ed  fi-om  each  other  in  this  manner  in 
nature. 

The  three  cuces  (or  cubic  sixes)  connect  the  centres  of  opposite  Jacea  in  th« 
cu^e  ;  the  apices  of  opposite  solid  angles  in  the  octaiiedron;  the  apica 
of  opposite  tctrahedral  solid  angles  in  the  dodecahedron. 

The  id^ht  trigonal  or  ot:tahea>'al  iuteraxes  connect  the  centres  of  oppoHU 
faces  in  the  octahedron  y  the  apices  of  opposite  solid  angles  in  the  vabe  ; 
the  apices  of  op|K»ite  trihedral  solid  angles  in  the  dodecahedron, 

Tlie  twelve  rhombic  or  dodecahedral  internes  connect  the  centres  of  op- 
posite faces  in  the  dodecahedron  ;  the  centres  of  opposite  edges  both  iu  tno 
cube  and  the  octahedron. 

In  a  vertical  section,  containing  each  of  these  kinds  of  axes,  the  octahe- 
dral intoraxia  intersects  one  of  the  three  cubic  axes  at  the  angles  54°  44'  8" 
and  125°  15'   52",   and  one  of  the 
dodecahedral  interaxes,  at  the   an-  *8 

gles  35°  15'  53"  and  144°  44'  8". 

There  remain  four  other  holohe- 
dral  forms  belonging  to  the  system 
as  contained  in  the  list  on  page  14, 

Trisoctahedrons.  —  The  symbol 
m :  1  : 1  is  of  that  solid  each  of 
whose  planes  meets  two  of  the  axes 
at  the  unit  distance,  and  the  third 
axis  at  some  distance  which  is  a 
multiple  of  this  unit  length.  It  will 
be  evident,  as  in  f.  48,  that  there 
are  three  such  planes  in  each  of  the 
eight  sectants,  and  hence  tiie  total 
number  of  planes  by  which  the  solid 
is  bounded  ia  twenty-four.  The 
resulting  solid  is  called  a  ti^onaZ 
triaoctahedron,  and  one,  having 
f»=l,  is  shown  in  f.  49. 


II  will  ba  tooud  •  ftrj  TBlaable  piaottoe  for  the  Btnde&t  to  oonBtrtiat  tbe  tgaxte  of  tte 
■Mwn  c^MUiM  foniu  Id  tbU  waj,  lajiog  oK  Ui«  pnq>eE  len^tu  of  the  acrenl  asm  and 
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60 


noUng  the  iKnnte  where  the  different  planes  Inteneot.    Farther  remarlca  on  the  drawing  of 
eijitBle  will  be  found  in  the  Appendix. 

40 

The  symbol  m:  m  :1  belongs  to  all  the  planes  which 
meet  one  axis  at  the  unit  distance,  and  the  otners  at  eqnal 
distances  which  are  multiples  of  the  former.  As  seen  in  the 
preceding  case,  there  will  be  three  such  planes  in  each  of 
the  eight  sectants,  aTid  the  total  number  consequently  will 
be  twenty-four.  The  solid  is  seen  in  f .  50,  and  is  called  a 
ieiraffanal  trisoctahedrony  or  a  trapezohedron. 

Both  these  forms  are  called  trisoctahedrons,  from  rph^  three  timeSj  and 
octahedron,  because  in  each  a  three-sided  pyramid  occupies 
the  position  of  the  planes  of  the  regular  octahedron.  They 
are  closely  related  to  each  other  ;•  starting  with  the  form 
97»  :  1  :  1,  if  m  is  diminished  till  it  equals  unity,  then  the 
symbol  becomes  1:1:1,  that  isj  it  has  passed  fnto  the  octa- 
hedron. If  m  becomes  less  than  unity,  the  symbol  may  be, 
for  example,  ^  :  1  :  1,  which  is  identical,  as  has  been  ex- 
plained (p.  11)  with  1:2:2  (2-2),  and  this  is  the  symbol  of 
the  second  trisoctahedron.  This  explains  why,  in  the  first  list  comprising 
all  the  possible  fonns,  m  was  in  no  case  made  less  than  unity. 

Triffonal'trisoctaAedron. — In  this  form  the  solid  angles  are  of  two 
kinds :  the  trigonal  or  octahedral,  and  the  octa^nal  or  cubic.  The  edges  are 
thirty-six  in  number,  twenty-four  of  one  kind,  forming  the  octahedral  or 
triliMral  solid  angles,  and  twelve  edges  meeting  at  the  extremities  of  the 
cubic  axes.    Each  of  the  twenty-four  planes  is  an  isosceles  triangle. 


51 


n 


68 


In  combination  with  the  cube,  the  form  2  appears  as  a  replacement  of 
each  of  the  solid  angles  by  three  planes  eqiially  mclined  on  the  edffes  /  this 
is  seen  in  f.  52.  With  the  octahedron,  it  appears  as  a  bevelment  of  its 
twelve  edges,  as  shown  in  f.  53.  It  also  replaces  the  eight  trisconal  solid 
angles  of  a  dodecahedron  by  three  planes  inclining  on  the  faces.  The  more 
commonly  occurring  examples  of  this  form  are  2  (=2  :  1  :  1),  also  f  (=| 
:1  :l),and3(3:l:l). 

The  Tetragonal-trisoctahedron  or  trapezohedron,  has  three  kinds  of  solid 
uigles :  six  cubic,  whose  truncations  are  cubic  faces  (f.  56) ;  eight  octahe- 
dral, whose  truncations  are  octahedral  faces  (f.  56) ;  twelve  dodecahedral, 
tnmcated  by  the  dodecahedral  planes  (f .  60).  It  has  forty-eight  edges ; 
twenty-four  of  one  kind,  those  of  the  trihedral  or  octahedral  solid  angles, 
and  the  remaining  twenty-four,  also  of  one  kind,  meeting  in  the  cubic  solid 
angles.     Each  oi  the  twenty-four  faces  is  a  quadrilateral. 

In  combination  with  the  cube  it  is  seen  in  f .  55,  56,  appearing  as  a  re 
placement  of  each  of  the  solid  angles  by  three  planes  equally  inclined  on 
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tlic  fact's  of  the  cube.  FigB.  56,  67, 58,  59,  60,  62,  also  show  it  in  cmo 
biiialiou  witb  the  octahedron  and  dodecahedron.  The  moat  isominoiilj 
ovcnrrii)gof  this  seriee  ie  2-2  (=2:2:  l),f.  54;  as  seen  in  f.  59,  ittmncatea 
the  ttrentv-four  edges  of  the  dodeuahedron.     On  the  other  baud  the  funu 


S  would  replace  the  trihedral  soh'd  angles  by  planes  inclined  on  tlie  edges, 
lie  3-3  replaces  (f.  62),  the  tetrahedi-al  solid  angles  of  the  dodecahedron, 
by  planes  also  inclined  on  the  edges. 

Tetrakexahedron. — The  symbol  co :  n  :  I  (i-»)  belongs  to  all  the  planes 
which  are  parallel  to  one  axis,  meet  a  second  at  the  nnit  distance,  and  tho 
third  at  some  multiple  of  that.  There  are  tvienty-Jvur  planes  wlii<!h  satisfy 
these  conditions,  and  they  form  the  tetrahexahedi-on  ;  f .  64, 65,  repi-eacnt  two 
varieties  of  tetrahexahedrona.  It  will  be  seen  that  the  planes  are  so 
arranged  that  a  square  pyramid  correaponils  to  each  of  the  6ix  faces  of  the 
cube  ;  and  hence  the  name  from  TerpoKiv,  four  times,  ?f,  six,  and  ^po, 
face,\X.  being  a  4xC-faced  solid.  Tlie  tetrahexahedron  has  six  tetrahe- 
dral  solid  anglesand  eight  hexahedral  or  octahedral  solid  angles.  There  are 
twenty-four  edges  of  one  kind  forming  the  former  solid  angles,  and  twelve 
edges  occupying  the  position  of  tlie  mibic  edges.  Each  of  the  twenty-fonr 
faceB  is  an  isosceles  triangle.  In  combination  with  the  cube  it  produces  a 
bevehncnt  of  its  twelve  edges,  as  represented  in  f .  64. 


The  tetrahexahedron,  in  f.  65,  lettered  i-2,  has  the  syinlml  % :  3  :  1 ;  and 

that  of  f.  66,  lettered  t-3,  co :  3  :  1.     Some  of  the  other  occarring  kind'^  are 

Aon  with  the  ratios,  2  :  3,  3  :  4,  4  :  5,  etc.,  etc. 

MMi|hen]st)oii  of  the  tetrahexahedron  to  the  octahedron  is  eliowii  in  f.  07- 

^^^■ttparinfc  this  fiicure  with  f.  42,  it  la  seen  that  the  planes  t-2  roplave 
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the  solid  nnslea  of  the  octahedron  by  plHoes  inclined  on  its  edges,  [ts  rela- 
tion to  the  dodecahedron  is  presented  in  f.  68,  which  is  a  dodecahedron 
(planes  i  being  the  dodecahedral  planee,  see  f.  45)  with  the  tetrahednd  solid 
angles  replaced  by  fonr  planes  inclined  each  on  an  i. 

The  tetrahexahedron  is  called  a  jlu&roid,  by  Haidinger,  the  form  being 
common  in  flaorite.  It  is  the  Tetrakiahexa&edron  (or  Pyraniidenwtirfe^ 
of  Naaraann, 

In  accordance  with  considerations  already  presented  it  is  evident  that  n, 
in  die  symbol  i-ra,  may  always  be  written  as  a  whole  number,  for  the  symbol 
00 :  }  :  1  is  identical  with  oo :  1  :  2.  Moreover  it  is  seen  that  when  n  is  <» , 
the  form  passes  into  the  cnbe  (ao :  oo :  1),  and  as  n  diminishes  and  becomes 
nnitr,  it  passes  into  the  dodecahedron  (m :  1  :  1). 

Hexoctahedron. — The  general  form  m  :  n  incladee  the  largest  number 
of  similar  planes  geometrically  possible  in  this  system.  This  symbol 
reqniree  six  planes  in  each  octant,  as  will  be  seen  by  a  method  of  con- 
stniution  similar  to  that  in  f.  48,  and  consequently  the  whole  solid  has 
forty-eight  planes.  It  is  hence  called  a  bexakisoctahedron  (Iftuctf,  »ia 
timet,  &cno,  eigktf  and  ISoa,  face,  t.e.,  a  G  x  8-faued  solid)  or  hexoctahedron. 
The  form  is  shown  in  f.  69,  where  it  will  be  seen  that  there  are  three  differ- 
ent kinds  of  edges,  and  three  kinds  of  solid  angles;  each  of  tlte  forty- 
eight  planes  is  a  scalene  triangle. 

when  modi^riag  the  cube  it  appeara  as  six  planes  replacing  each  of  the 
solid  angles,  f.  70.    It  replaces  the  eight  angles  of  the  octahedron,  and  tb« 


form  Z-\  bevels  the  twenty-fonr  edges  of  the  dodecaliedron  (f.  71).  Other 
bexoctanedrons,  differing  in  their  angles,  may  replace  the  aix  acntc  solid  an- 
gles of  the  dodecahedron  by  eijfA^  planes,  or  the  ei^Ai  obtuse  by  Ma;  planes. 
Tlie  hexoctahedron  of  f.  69,  70,  71  is  that  whose  planes  have  the  axial 
r»tio  3  :  f  :  1.  Others  have  the  ratio  4  :  2  : 1,  2  :  | :  1  (=6  :  4  :  3),  5  :  4  :  1 
(=15:6:8),7:}:1  (=21 ;  7  :  "■ 
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Tlie  preceding  fignreB  show  dodecahedrons  variously  modified.  In 
f.  72,  /,  or  i,  are  facos  of  the  dodevahedi-on ;  ^of  the  cube ;  1  of  the  octa 
bedron ;  i-3  of  a  tetrahexaliedron  (f.  C6) ;  2-2  of  the  trapezohedi'oi]  of  f .  54, 
59 ;  3-}  of  the  hex.M:tahedron  of  f.  69,  70.  In  f.  73,  i,  0,  and  1  are  a«  in 
f.  72 ;  3-3  is  the  trapezohedron  of  f.  61, 62 ;  and  h-\  (either  bide  of  3-S)  a 
hexoctahedroD. 

The  hexoctahodron  is  called  the  adamantoid  bv  Haidinger,  in  alliuion 
to  its  beluga  common  form  of  crj'stals  of  diamond.  It  is  toe  AexaHsoeta 
hedron  of  Aaiimann. 

B.  Semihedral  Forms, 

Of  the  kinds  of  hemihedral  forms  mentioned  on  page  13,  the  hemiho 
lohedral,  in  which  only  half  of  the  sectaiits  are  represented  in  the  form, 
produces  what  are  called  indined  hemihedTOTig j  and  the  KoloAemihedrat,  in 
which  all  the  sectants  are  represented  by  halt  the  full  number  of  planes, 
parallel  hemihedrons.     In  the  former  the  sectants  to  which  the  occurring 

E lanes  belong  are  diagonally  opposite  to  those  without  the  same  planes ;  aiiu 
ence  no  plane  has  another  opposite  and  parallel  to  it ;  on  the  contrary, 
opposite  planes  are  oblique  to  one  anotlier,  and  hence  the  name  of  wdmed 
hemihedrons  applied  to  them.  They  are  also  called  tetrahedrai  forms,  the 
tetrahedron  being  the  simplest  form  of  the  number,  and  its  habit  character- 
istic of  them  all ;  while  the  latter  are  called  m/ritoAedral,  because  observed 
in  the  species  pyrite.  The  complete  symbols  of  the  inclined  hemihedrons 
are  wr-itten  in  the  general  form  ^m  :  ra  ;  1),  of  the  parallel  hemihedrons 
in  the  form  ^  [»i :  n  :  1]  ;  also  written  lAjn. :  n  :  1)  and  irlm  :  n  :  1)  re- 
spectively. 

a.  Indined'  or  Tetrahedrai  Hemihedrons.  1.  Tetrahedron,  or  ffemt- 
octahedron. — J(l  :  1 : 1). 

As  has  been  shown,  the  form  1(1  ;  1 : 1)  embraces  eight  planes,  and  when 
holohedrally  developed  it  produces  the  octahedron ;  in  accordance,  how- 
ever, with  the  law  of  hemihedrism,  half  of  the  eight  possible  planes  inaY 


^ 


mr  in  alternate  octants;  thns  in  two  opposite  sectants  above  and  tfaa 
^diagooally  opposite  below,  as  shown  by  tlie  shaded  planes  in  t.  74.     If 
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these  fonr  shaded  planes  are  "suppressed,  while  the  other  four  of  the  octa- 
hedron are  extended,  the  resulting  form  is  the  regular  tetmhedron,  f.  76. 
The  relation  of  the  octahedron  and  tetrahedron  may  be  better  understood 
from  f.  75.  If,  as  just  remarked,  the  planes  shaded  in  f.  74  are  suppressed, 
while  the  others  are  extended,  it  will  be  seen  in  f.  75  that  the  two  latter 
pairs  intersect  in  edges  parallel  respectively  to  the  basal  edges  of  the 
octahedron,  and  the  complete  tetrahedron  is  the  result.  The  axes,  it  is  im- 
portant to  observe,  connect  the  middle  points  of  the  opposite  edges. 

Further  than  this,  since  either  set  of  four  planes  may  go  to  form  the  solid, 
two  tetraiiedrons  are  evidently  possible,  and  they  may  be  distinguished 
by  calling  the  first,  f.  76,  positive,  and  the  second  negative,  f.  76a. 
These  terms  are  of  couree  only  relative.  The  plus  and  the  minus  tetrahe- 
drons may  occur  in  combination,  as  in  f.  79 ;  and  though  there  are  here  pre- 
sent the  eight  planes  which  in  holohedral  forms  make  the  octahedron,  and 
though  they  should  happen  to  be  equally  developed  so  as  to  give  the  same 
shape,  the  crystal  would  still  be  pronounced  tetraliedral,  since  the  planes 
1  and  — 1  are  physically  different.  An  example  of  this  occura  in  crystals 
of  boracite,  where  the  planes  of  one  tetrahedron  are  polished  while  those  of 
the  other  are  without  lustre. 

The  plane  angles  of  the  tetrahedron  are  60^,  and  the  interfacial  angles 
70°  31'  44". 

The  combinations  of  the  cube  and  tetrahedron  are  shown  in  f .  77  and  78, 
and  the  dodecahedron  and  tetrahedron  in  f .  80.  As  the  octahedron  results 
geometrically  from  slicing  off  successively  the  solid  angles  of  the  cube,  by 

E lanes  of  equal  inclination  on  the  cubic  laces,  so  also  the  tetrahedron  may 
e  made  mechanically  by  slicing  off  similarly  A^s^^/*  these  solid  angles. 

ai  8d  83  84 


SemirtrisoctahedronSj  i(m  :  m  :  l)and  i{m  :  1  :  1).  In  the  same  manner 
as  with  the  tetrahedron,  the  form  ni-my  when  hemihedral,  may  have  half  its 
twenty-four  planes  present,  viz.,  those  in  the  two  opposite  sectants  above 
and  the  alternate  sectants  below.  When  these  twelve  planes  are  extended, 
the  others  being  suppressed,  they  form  the  solid  represetited  in  f.  81 ;  the 
symbol  properly  being  i{  m-m\  or  here  i(2-2).  The  faces,  as  will  be  ob 
served,  are  trigonal^  and  the  solid  is  sometimes  called  a  cuproid.  There  is 
the  same  distinction  to  be  made  here  between  the  plus  and  the  minus  forms 
as  with  the  tetrahedrons.  Figs.  82,  83,  84  show  combinations  of  +i(m-w) 
with  the  plus  tetrahedron,  the  dodecahedrpn,  and  the  tetrahexahedron. 

Similarly  the  form  w,  when  hemihedral,  according  to  the  same  principle 
results  in  the  solid,  f.  85.  It  is  called  the  ddtohedron  by  Ilaidinger ;  it  has 
trapezoidal  faces.  In  f.  86,  +i(f)  is  shown  in  combination  with  4-^(2-2). 
Here  also  the  distinction  between  the  plus  and  minus  forms  is  to  be  made  in 
the  same  manner  as  that  already  explained. 
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I*k^.-nir,^  or  Utrahedral  H^emi-hejooctahedron  ^m  :  n  :  1).  The  form  ivmi 
wLen  developed  according  to  the  law  of  incliDed  hemihedrism,  that  i8| 
irbei:  <.i  i:s  lortv-ei^t  faoea,  half  are  present,  viz..  all  in  half  the  whole 


^ 
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Icf. 


niiTzirier .  •£  sectants«  pix>dnoes  the  solid  seen  in  f.  S7.    There  is  here  also  a 

*J4  s»:'l:d,  and  k  minus  &olid«  eorrespooding  to  the  +  and  —  tetrahedron. 

f.  >S  it  is  in  combination  with  the  pins  tetrahedion. 

If  the  same  method  of  inclined  heinihedrism  be  applied  to  the  remain- 
irti:  sc*l:ds  of  this  system,  the  cnbe«  dodecahedron,  and  tetrahexahedron,  that 
is«  if  in  emch  case  the  parts  in  two  opposite  sectants  above,  and  the  two  diag- 
i.»r.a".iy  opp:e::e  sectants  below,  be  conceived  to  be  extended,  the  other  hiJf 
beir^g  suppressed,  it  will  be  seen  that  the  solid  leprodnces  itself ;  the  hemi- 
iie^iral  f '-rm  of  the  cube  is  the  cnbe,  and  si> of  the  others. 

The  following  figoreB  represent  some  t»ther  combinations  of  these  forms. 
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ttA 


Sp!ui2 


SphAloite. 


IhAzmhedrite. 


lu  f .  S^,  the  ouproid  3-S  is  i^^>mbined  with  the  faces  /of  a  dodecahedron. 
Tne  ti'nn  3  3  resembles  closely  that  of  f.  SI,  bnt  in  its  combination  with 
:ho  iivv5t?x-aliedn>n  it  does  not  truncate  an  e^lse  of  the  dodecahedron,  like  2-2 
::.  I.  So,     FiiT.  SOa  c^nitains  tlie  same  planes  ivmbinoil  with  the  plus  tetra- 


jv^situm  ^ 

he:iri:e\i2v:i :   and  ihere  are  als*>  the  small   planes  :?-:^  about   the  angles, 
wi.xii  are  thi^ie  of  the  minus  honuhoilnnu     //,  are  planes  of  the  cube ; 
1.  ibc«?o  i»f  the  tetrahednw ;  ^  thixiio  of  the  dvxleoaliedron  ;  i-8  those  of  a' 
tetrahexaliedivni  ylL  K  i-d  all  liololuHlml"^ :  and  f  the  planes  of  a  deltohe- 
dron  similar  to  f.  S5,  and  occurring  with  ^:^  in  f.  S6. 
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J.  Parallel  or  pyrUohedral  hemihedrana, — According  to  the  second  law 
of  hemihedrism,  Lalf  the  whole  number  of  planes  of  any  foi-m  may  be  pre- 
sent in  all  the  sectants.  In  the  i*e8alting  solids  each  plane  has  another  par- 
allel to  it  This  method  of  hemihedrism  obviously  produces  distinct  forms 
only  in  those  cases  where  there  is  an  even  number  of  planes  in  each  octant 

Pentagonal  Dodecahedron^  or  Hemi-tetroAexaJiedron^  i(oo :  n  :  1).  If 
of  the  twenty-four  planes  of  the  form  i-w  (oo :  n  :  1),  only  half  are  present  ; 
viz.,  one  of  each  pair  in  the  manner  indicated  by  shading  in  f.  91,  these 
being  extended  while  the  others  are  suppressed,  the  solids  in  f.  92  and  f.  93 
result.  The  parallelism  of  each  pair  or  opposite  planes  will  be  seen  in  these 
figures.  These  two  possible  forms,  seen  in  the  figures,  are  distinguished  by 
calling  one plvs  (arbitrarily^, -t-i[i-2],  and  the  other  minus,— ifi-l].  These 
solids  are  very  common  in  tne  species  pyrite,  and  are  hence  i^^noA  j/yritohe- 
drons  ;  they  are  also  called  pentagonal  dodecahedrons,  in  allusion  to  their 
pentagonal  faces.  The  regular  dodecahedron  of  geometry  belongs  to  this 
class,  but  is  an  impossible  &rm  in  nature,  since  for  it  n  must  have  an  irra- 
tional value,  viz.,    -Ii^ — ,  see  p.  10. 

In  combination  with  the  cube  the  form  -fi[i-2]  is  seen  in  f.  94  and  f.  95, 
and  in  f.  96,  97,  with  the  octahedron,  and  in  f.  98,  with  the  cube  and  octa- 
hedron. 


91 
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98 


94 
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Parallel   hemi-hexocftahedron^  \\m  :  n  :  1].    When  of  the  forty-eight 
planes  of  the  form  m-n,  only  half  are  present,  viz.,  the  three    alternate 
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E lanes  in  each  octant  as  indicated  by  the  shading  in  f.  99,  the  solid  hi 
.  100  results.     This  solid  is  called  a  diploid  by  Haidinger.     It  is  also  called 
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a  d  vakis-dodecahedron.    In  f .  101  it  is  shown  in  combination  with  the  cube, 
a!id  in  f .  102  with  the  octahedron. 

Figs.  103,  104, 105,  of  the  species  pyrite,  represent  various  combina- 
tions of  parallel  heraihedrons  witii  the  cubic  and  other  faces.  In  f .  103 
there  are  planes  of  two  hemi-tetraliexahedruns  (pentagonal  dodecahedrons) 
t-2,  i-f ;  and  of  two  diploids  4-2,  3-f ,  along  with  planes  of  the  octahedron, 
1,  and  of  the  trapezohedron  2^2.  In  f .  104  the  dominant  form  is  the  dode- 
caliedron,  /;  it  has  the  faces  of  the  cube,  H\  of  the  octahedron,  1 ;  of  the 
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105 


F^ndte. 


Pyrite. 


trapezohedron,  2-2 ;  and  of  the  parallel  hemihedrons,  v2  and  4-2.  Fig. 
105  n*pre$ents  a  map  of  one  angle  of  a  cube,  showing  at  centre  the  octalie- 
dral  face  1«  and  around  it  the  faces  of  the  cube  2/,  of  the  tittpezohedron 
2-^.  the  trigonal  trisoctahedron  2,  and  the  parallel  hemihedrons,  i-2,  2-f , 
3-f .  The  axial  ratio  for  2-f  is  2  :  $  :  1  (or  6  :  4 :  2),  and  for  3-},  3  :  {  :  I 
(or  6:3:2). 

ProminetU  distinctive  cAarctcters, — The  student,  in  order  to  facilitate  his 
study  of  Isometric  forms  in  nature,  should  be  thorous:hlv  familiar  with  the 
following  points,  from  the  study  of  models  or  natural  crystals;  (1)  The 
isometric  character  of  the  symmetry,  the  planes  l)eing  alike  in  grouping  in 
the  direction  of  the  three  axes^  (2)  The  lorms  of  the  faces  and  solid  an- 
gles of  the  octahedron,  the  dodecaliedron,  the  trai>ezi.>hedrun  2-2,  the  pen- 
t;L£^>nal  dodecaIiedn>n  t-2.  (3)  The  fact  that  the  following  are  common  an- 
gles in  the  system— 135 **  (=I1^•);  IW  2S'  (angle  of  iKtahedron),  70**  32' 
(angle  in  octaliedron  and  tetrahednm^ ;  120^  (angle  of  dodecahedron);  125* 
10  v=Hl);  144^44' (=n\2.2=lMU  153^ -6  (=Hm*.2);  16r  34^  (=H 
Ai-3».  A  list  of  the  angles  lH?longing  to  thevarii»us  forms  of  this  system  is 
given  on  p.  67.  (4)  Cleavage  may  Ih>  cfi^>ic^  octaAetlml^  or  dodeccLnedral  / 
and  sometimes  two  of  these  kinds,  and  tn.i'asionallv  the  three,  occur  in  the 
same  species,  but  always  with  great  difference  of  facility  between  them. 
Galen ite  is  an  example  of  easy  cubic  cleavage ;  fluorite  of  easy  octaliedral ; 
sphalerite  (blende)  of  easv  dodecaluxlral. 

Phne<  'rsymmc'try. — ^^The  seven  kinds  of  solids  described  on  pp.  15  to  19, 
include  ti//  the  holohedral  forms  possible  in  this  system,  as  is  evident  fnim 
their  ge«>ine:rical  development.  In  them  exists  the  highest  degree  of  syiik 
metry  possible  in  any  ge\>metrioal  solids. 

In  thec.ibe,  as  has  already  l>een  stated, all  planes, Si>lid  angles,  and  edgeii 
mre  e«^ual  and  similar.  The  three  diametral  planes,  {massing  each  through 
two  of  the  axes,  aiv  the  chief  planes  of  symmetry,  e^•e^y  part  of  the  crystal 
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on  one  side  of  the  plane  having  its  equal  and  Bjuimetrical  part  on  the  oppo- 
site side.  Further  than  this,  each  ot  the  six  planes  passing  through  the 
diagonal  ed^es  of  the  cube,  and  conseouently  parallel  to  the  dodeciuiedral 
planes,  are  also  planes  of  symmetry.  There  are  hence  in  this  system  nine 
planes  of  symmetry. 


1. 

mc  :  na  :  a 

[m-n] 

2. 

iciaia 

?\ 

\mc:a:a 

\m] 

8. 

\  c:  aoa  :  a 
\mc  :  ooa  :  a 

4. 

CO  c:na:  a 

[irU 

6. 

coc:  a:  a 

la 

6. 

ccc  looa :  a 

z-u 

7. 

Ucicoaicoa)  [0] 

\ov  Oc:  a:  a. 

IL— TETRAGONAL    SYSTEM. 

In  the  Tetragonal  System,  there  are  three  rectangular  axes ;  but  while 
tlie  two  lateral  axes  are  equal,  the  remaining  vertical  axis  is  either  longer  or 
shorter  than  they  are ;  there  are  consequently  to  be  considered  the  lateral 
axes  (a)  and  the  vertical  axis  (c). 

The  general  geometrical  expression  for  the  planes  of  crystals  becomes  for 
tills  system  mc :  na  :  a,  and,  if  this  be  developed  in  the  same  way  as  the  cor- 
responding expression  in  the  Isometric  system,  all  the  f orms^  geometrically 
possible  are  derived. 

when  m  >  1,  n  >  1. 
when  wi=l,  7i=l. 
when  m^ly  n=l. 
when  w=l,  71=00 . 
when  7/1^1,  n=oo. 
when  7/1=00 ,  7i  >1. 
when  m=oo ,  n=l, 
when  7/1=00 ,  71=00 . 
when  7/1=0, 7i=l. 

In  lottezixig  the  planes  the  abridged  gymbols  are  nsed;  here,  as  before,  »=oo ,  and  the  unit 
term  is  omitted  as  onnecessaiy,  me  :  ooa:  az=m-iy  eta  These  are  the  same  as  the  symbols 
of  Naamann,  except  that  he  wrote  oo ,  and  added  P  as  the  sign  of  the  systems  which  are  not 
isometric ;  0P=O  ;  00/^  =i-»  ;  00 P=/;  (o Pn—i-n  ;  niP<x>  =zm'i  ;  mF=m  ;  P—1 ;  and 
mPa^m-n, 

A.  Holohedral  Forms. 

JBasal  plane. — There  are  two  similar  planes  corresponding  to  the  svm- 
b<)l  c:  ooa  \  CO  a  {or  Ooi  a\  a\  parallel  to  both  the  lateral  axes ;  eacli  is 
ciilled  the  basal  plane.  They  do  not  inclose  a  space,  and  consequently  they 
can  occur  onlv  in  combination  with  other  planes. 

Prisms. — the  planes  having  the  symbol  coc  :  coa  :  a  are  parallel  to  the 
vertical  and  one  of  the  lateral  axes.  There  are  four  such  planes,  one  at 
each  extremity  of  the  two  lateral  axes,  and,  in  combination  with  the  plane 
Oy  they  form  the  square  prism,  which  has  been  called  the  diametral  prism, 
seen  in  f.  106. 

For  the  symbol  00  0  :  a  :  a,  the  planes  are  parallel  to  the  vertical  axis, 

*  The  word  farm  has  been  freely  used  in  the  preceding  pages ;  from  this  point  on,  how- 
ever, it  needs  to  be  more  exactly  defined.  In  a  crystaUographic  sense  it  includes  all  th« 
planes  geometricaUy  possible,  neyer  less  than  two,  which  have  the  same  general  symboL 
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kiid  meet  tbe  otheis  at  eqiial  distaui.'es.  There  are.  ae  in  the  preceding 
Liue.  foor  sach  pluits.  Tuey  furui,  iu  wmbiiiation  with  the  plane  Oy 
tliat  stjaare  prism  which  is  eeen  iit  f.  ll'T,  and  may  be  called  the  imiK 
|>n6UL  Both  the  prisms  t'-i  and  /  are  alike  iu  their  d^ree  of  symmetry. 
Lat-ii  has  four  simiUr  vertii.-al  edges,  and  eight  similar  basal  edees  oulike 
ive  vertical.     There  are  also  in  each  case  eight  similar  solid  angles. 


ItW 
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The  form  i-m,  >  k  t* :  Nd :  d'i  is  antXher  prism,  but  in  this  each  plane  meets 
one  of  the  lateral  axes  at  the  unit  distaiK-e.  and  the  '-tber  at  some  maltiiJfl 
vf  ii$  nrJt  dista;:ce.  As  is  evident  in  the  ai-vomronyiii^  horizontal  sectKHi 
v*  115.  this  senermi  symW  re<niir«!5  fi-:'v  similar  places,  two  in  each 
ijaaii:a::t.  ard~the  c«nplete  form  is  shown  in  t  \*yd.  The  sixteen  basal 
eti^w  aivall  similar;  iheveriival  edseisare  of  two  kinds,  fonr  axial  X^,  and 
foilr  dia^ioal  T  i,t.  Ii9 ..  Tbe  rtft^r  octapxial  prism  with  ei^t  similar 
TCfti^-al  cd^e&eacit  angle  being  lo5~.  is  erystallograj^cailT  Impoeuble. 
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tlie  form  is  shown  Id  f.  114  and  115.  These  planes  replace  the  basal 
edo^  of  the  form  shown  in  f.  106,  and  m  varies  in  value  from  0  to  oo , 
Wiieii  m=0  the  four  planes  above  and  below  coincide  with  the  two  basal 
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pla:ies;  as  m  increases,  there  arises  a  series,  or  zone,  of  planes,  with  mu- 
tually parallel  intersections  (f.  116) ;  and  when  wi=oo ,  the  octahedral  planes 
m-i  coincide  with  the  planes  iri.     The  value  of  m  in  a  particular  species 
depends  upon  the  unit  value  assumed  for  the  vertical  axis  c*. 
The  same  form  replaces  the  vertical  angles  of  the  prism  7,  as  in  f.  117i 


119 


121 


The  octahedrons  of  the  m  series  meet  both  of  the  lateral  axes  at  equal 
distances  and  the  vertical  axis  at  variable  distances.  It  is  clear  that  the 
whole  number  of  planes  for  this  form,  when  the  value  of  mis  given,  is  also 
ei^ht,  one  in  eacli  octant.  When  m=\  the  solid  in  f.  118  is  obtained, 
which  is  sometimes  called  the  unit  octahedron.  As  m  decreases,  the  octahe- 
drons become  more  and  more  obtuse,  till  m=0,  when  the  eight  planes  coin- 
cide with  the  two  basal  planes.  As  m  increases  from  unity,  on  the  other 
hand,  the  octahedrons  or  pyramids  become  more  and  more  acute,  and  when 
«»=oo  thev  coincide  with  the  prism  /;  this  series  forms  another  zone  of 
planes.  These  octahedrons  replace  the  basal  edges  in  the  form  f.  107,  as 
seen  in  f.  119,  and  as  the  octahedron  is  more  and  more  developed  it  passes 
to  f.  120,  and  finally  to  f .  118. 
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The  same  form  replaces  the  solid  angles  of  the  form  f.  106,  as  seen  in 
1 121,  and  this  too  gradually  passes  into  f .  122  and  f.  114. 
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The  relation  of  the  octahedrons  1  and  l-»  {m  and  7n-Q  ie  the  same  as  that 
of  the  prisms  /  and  i-i  (compare  f,  112).  Similarly,  too,  thev  are  often 
called  outahedronB  (or  pji-amide)  of  the  i?r«(  {m)&Qa  second  fm-i)  aeries. 

As  wilt  be  Been  in  f.  l!23,  l-^  truncates  the  pyramidal  edges  of  the  octahe- 
dron 1,  and,  conversely,  the  edges  of  the  octahedron  2-»  are  truncated  by 
thrt  octahedron  1  (f.  124). 

OctagoTuU  jpyram/ida. — The  form    m-n  {mc : 
HI :  a)  in  this  system  has,  as  in  the  preceding  sys-  l^S 

tcin,  the  highest  number  of  similar  planes  which 
are  geometrically  possible ;  in  this  case  the  num- 
Iwr  is  obviously  sixteen,  two  in  each  of  the  eight 
eectauts,  as  in  f.  125,  where  wi=l,n=3.  These 
sixteen  similar  planes  together  form  the  octagonal 
pyramid  (strictly  double  pyramid)  or  zirconoid, 
t.  126.  It  has  two  kinds  of  terminal  edges,  the 
axial  ^  and  the  diagonal  Y ;  the  basal  edges  are 
all  similar.  It  is  seen  (m-»=l-2)  in  f.  127  ia 
combination  with  the  diametral  prism,  and  in  f.  128  witli  1,  where  it  bevdi 
the  vertical  edges. 


Other  tetragonal  forms  are  illustrated  in 
figures  2  to  8,  of  zircon  crystals,  on  p.  2 ; 
f.  8  is  tlie  most  complex,  and  besides  3-3 
shows  also  the  related  zireonoids  4-i  and  5-5. 

Several  series  of  forms  occur  in  f.  129,  of 
vesuvianite.  In  the  unit  series  of  planes 
tliere  are  the  octahedrons  (or  pyramids)  1,  2, 
3,  and  the  prism  /;  in  the  diametral  aeries 
1-i,  i-i  ;  of  octagonal  prisms,  »-2,  i-3 ;  of  zir- 
eonoids 2-2,  3-3,  5-5,  4-2,  f-3,  the  whole  num- 
ber of  planes  being  151. 


B.  Eemihedral  Forma. 

Among  hemihedral  forms  there  are  two  divisions,  as  in  the  isometric 
system ; 

1.  HemiholoJudral,  having  the  full  number  of  r^anee  in  half  the  Bcctanta. 
(a)  VerticaUy-altematt,  or  sphenoidal  forms.— The  planes  occur  in  two 
BCctants  situated  in  a  diagonal  line  at  one  extremity,  and  two  in  the  tr&D»- 
vetw  diagonal  at  ttie  other. 
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With  octahedral  planes  i{7n€ :  a:a)  the  solid  is  a  tetrahedron  (f.  130, 
131)  called  a  sphenoid,  having  the  same  relation  to  tlie  square  prism  of 


180 


131 
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184 


f.  106  that  the  regular  tetrahedron  has  to  the  cube.  Fig.  130  is  the  positive 
sphenoid  or  +1,  and  181  the  negative^  or  —1.  The  form  \{mo  :  ooa  :  a) 
is  similar.     Fig.  132  represents  the  sphenoid  in  combination  with  the  prism 

If  tlie  planes  of  each  sectant  are  the  two  of  the  octa^nal  pyramid 
\{mc  :na:  a)  (f.  126),  the  form  is  a  diploid  (f.  133).  It  is  m  combination 
with  the  octahedron  l-i  in  f .  134. 

(4)  VerticaUy-directj  or  the  planes  occiiring  in  two  opposite  sectants 
above,  and  in  two  on  the  same  diagonal  below.  The  result  is  a  horizontal 
|>ri8m,  or  forms  resembling  those  of  the  orthorhombic  system.  Character- 
izes crystals  of  edingtonite. 

{c)  rerticcUly-obltgtie.  Planes  occurring  in  two  adjacent  octants  above, 
and  in  two  diagonally  opposite  below,  producing  monoclinic  forms,  as  in  a 
hydrous  ammonium  sulphate. 

2.  UoloAemihedralj  wl  the  sectants  ha^nnghalf  the  full  number  of  planes. 
As  the  largest  number  of  planes  of  a  kind  is  twOj  half  the  full  number  is 
in  all  cases  one.  Hemihedrism  may  occur  in  the  forms  m-n  (f.  126, 127), 
or  ziroonoids,  and  in  the  forms  i-n  (f.  109),  or  the  octagonal  prism. 

Tlie  following  are  the  kinds  : 

(a)  VerticaUy-direct.  The  occurring  plane  of  the  sectants,  the  rigM 
one  in  the  upper  series,  and  that  in  the  same  vertical  zone  below,  as  indi- 
cated by  the  shading  in  f .  135  ;  or  else  the  left  one  above,  and  that  in  the 
same  vertical  zone  below,  f.  136. 


136 
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(5)  VertioaUj/'Olternate.  The  occurring  plane  the  right  above,  and  that 
in  the  alternate  zone  below,  as  indicated  in  f .  137 ;  or  else  the  l^ft  above, 
and  that  in  the  alternate  zone  below,  f.  138. 

As  the  right  of  the  two  planes  above  is  in  the  same  vertical  zone  with  the 
fc/3J  of  the  two  below  (suppK)6ing  the  lower  end  made  the  upper),  the  two 
kmds  of  the  first  division  will  be  the  rl  m-n  ;  and  the  Ir  mr-n  (in  f .  136  on 
the  angles  of  the  prism  i4) ;  and  the  two  of  the  second  division  the  rr  m-n 
and  the  U  mrn  (in  1 188,  on  the  angles  of  the  prism  i-i). 
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The  completed  form  for  the  first  methods  has  parallel  faces,  and  is  like  the 
ordinarv  eqnare  octahedron  in  shape*  because  the  upper  and  lower  planes 
1>elong  to  the  same  vertical  zone.  Bnt  in  the  secona  it  is  ffyroidal;  the 
upper  pyramid  has  its  faces  in  the  same  vertical  line  with  an  edge  of  the 
lower,  as  represented  in  f.  139,  the  form  U  m-n. 

The  first  of  these  methods  occnrs  in  octagonal  prisms,  prodncing  a  sqnare 
prism,  either  r  i-n,  or  I  i-n. 
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W8ni0Eite. 


Bcheelite. 
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Fig.  140  represents  a  com- 
bination of  the  octahedron  1^ 
with  the  nnit-octahedron  1,  and 
two  hemihedral  forms,  one  of 
them  Ir  1-2,  the  other  rl  3-3. 
The  plane  1  shows  the  posi- 
tion of  tlie  octant  ;  3-3  is  to 
the  riy/it  of  1,  and  1-2  to  the 
fc/5?.     In  f.  141,  which  is  a  top 
view  of  a  cr\'stal  of  wemerite, 
there  occurs  I  3-3  large,  along 
with   r  3-3    small,  indicating 
hemihcdrisin,      and,    judging 
from  that  of  the  allied  species 
sarcolite,  it  is  of  the  sqnare  oc- 
tahedral kind,  rl  3  3  and  Ir  3-3. 
Fig.  142  contains  the  hemihedral  prism  I  i-|,  com- 
bined with  the  unit-octahedron   1,  and  the  basal 
plane  O. 

Variable  eUmenU  in  this  system, — In  the  tetragonal  system  two  ele- 
ments are  variable,  and  in  anv  given  case  must  be  decided  before  the  rela- 
tions of  the  forms  can  be  definitely  expressed. 

(d)  The  position  of  the  lateral  axes. — These  axes  are  equal,  but  there  are 
two  possible  p';sitions  for  them,  for  in  a  given  square  octahedron  they  may 
be  uitlicr  diagonal  or  diametral ;  in  other  words,  given  an  octahedron,  as  in 
f.  115, 116,  the  prismatic  planes  may  be  made  diametral  (i-t),  and  the  octahe- 
dron so  Ix^long  to  the  m-i  series,  or  the  prismatic  planes  may  be  made  diag- 
onal, that  is  y  (oc  c  :  a  :  a),  when  the  corresponding  octahedrons  belong 
to  the^m  series.     The  ratio  of  the  lateral  axes  for  the  two  cases  is  obviously 

1:  i/2,  or  1:1.4142+. 

(t)  The  length  of  the  vertical  axis, — Among  the  several  occurring  octa- 
licdrons,  one  must  be  assumed  as  the  unit,  and  the  others  referred  to  it     In 
f.  143,  of  zircon,  the  octahedron  1  is  made  the  unit,  and  by  measur- 
ing the  basal  angle  it  is  found  mathematically,  as  explained  later, 
that  the  length  of  the  vertical  axis  is  0.85  times  that  of  the  lateral 
axes.     The  octahedron  3  has  then  the  symbol  3c  :  a  :  a  as  referred 
to  this  unit.     If  the  latter  octahedron  had  been  taken  as  the  fun- 
damental form,  the  length  of  the  vertical  axis  wonld  have  been 
3  X  0.85  times  that  of  the  lateral  axes,  and  the  symbol  of  the  first 
plane  would  have  been  ic:  a  :  a.    "^Vhich  form  is  to  be  taken  as 
the  unit  or  f undamentaly  that  is,  what  length  of  the  vertical  axis  c  is  to  l»e 
adopted,  depends  upon  various  considerations.      In  general  that  form  Im 
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assumed  as  fundamental  which  is  of  most  common  occiirrer.ee  or  to  which 
the  cleavage  is  parallel ;  or  which  best  shows  the  morphological  relations 
of  the  eiveii  species  to  othei*s  related  to  it  in  chemical  composition,  or  which 
gives  me  simplest  symbols  for  the  occurring  forms  of  a  species. 

Prominent  characteristics  of  ordinary  tetraoonal  forms. — The  promi- 
nent distinguishing  characteristics  of  tetragonal  forms  are  :  (1)  A  symme- 
trical arrangement  of  the  planes  in  fours  or  eights.  (2)  The  frequent  oc- 
currence of  a  square  prism  diagonal  to  a  square  prism,  the  one  making  with 
the  other  an  angle  oi  185°.  (3)  The  occurrence  of  bevelling  planes  on  the 
lateral  edges  of  the  sauare  prism.  (4)  A  i*esemblance  of  the  octahedrons 
to  the  regular  octahedron,  in  having  a  square  base,  but  a  dissimilarity  in 
that  the  angles  over  the  basal  edges  do  not  equal  those  over  the  terminal.  (5) 
Cleavage  may  be  either  basal^  square-prisrnatic,  or  octahedral;  prismatic 
cleavage,  when  existing,  is  alike  in  two  directions,  parallel  to  the  lateral 
faces  of  one  of  the  square  prisms,  and  is  always  dissimilar  to  the  basal  cleav- 
age ;  the  basal,  or  the  lateral,  is  sometimes  indistinct  or  wanting ;  the  pris- 
matic may  occur  parallel  to  the  lateral  planes  of  both  square  prisms,  but 
when  so,  that  of  one  will  be  always  unlike  in  facility  that  of  the  other. 

Planes  of  symmetry, — There  are  five  planes  of  symmetry  in  the  tetra- 
gonal system :  one  principal  plane  of  symmetry  normal  to  the  vertical  axis, 
and  four  others,  intersecting  in  this  axis  ;  these  four  are  in  two  pairs,  the 
planes  of  each  pair  normal  (90^)  to  each  other,  and  diagonal  (45°)  to  those 
of  the  other* 


m.— HEXAGONAL  SYSTEM. 

The  Hexaoonax  System  includes  two  grand  divisions  :  1.  The  Hexa- 
gonal proper,  in  which  (1)  symmetry  is  by  sixes^  and  multiples  of  six ; 
(2)  hemihedral  forms  are  of  the  kind  called  vertically-direct ;  and  (3J 
cleavage  and  all  physical  characters  have  direct  relations  to  the  holohedral 
hexagonal  form. 

2.  xhe  Khombohedral,  in  which  (1)  symmetry  is  by  threes  and  multi- 
ples of  three,  rhombohedral  forms  being  hemihedral  in  mathematical  rela- 
tion to  the  hexagonal  system,  and  of  the  kind  called  vertically-alternate ; 
(2)  cleavage,  and  many  other  physical  characters,  usually  partake  of  the 
bemihedrism. 

While  the  rhombobedron  is  mathematically  a  hemihedral  form  under 
the  hexagonal  system,  and  is  properly  so  treated  in  a  system  of  mathema- 
tical crystallc^raj^hy,  it  is  not  so  genetically,  or  in  its  fundamental  relations. 
Moreover,  it  has  its  own  hemihedral  forms,  which,  under  the  broad  hexago- 
nal system,  are  teetartohedral. 

The  holohed/ral  forms,  all  of  which  belong  to  the  Hexagonal  division, 
are  here  first  described ;  and  then  the  hemihedral  forms,  which  include,  be- 
sides a  few  under  the  hexagonal  division,  the  whole  of  the  Rhombohedral 
division. 

A.  Holohedral  Forms  :  Hexagonal  Division. 

The  general  expression  for  planes  of  this  system  \%m^:  na  :  a:  pa^  where 
there  are  to  be  considered  the  vertical  axis,  i^  and  three  equal  lateral  axes,  a. 
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It  w  evident,  however,  that  the  position  of  any  plane  ib  determined  bv  iti 
intersections  with  two  of  the  lateral  axes,  as  its  dirention  with  the  Uiird 
follows  directly  from  them.  (Compare  f.  146.)  Consequently,  in  writing 
the  Bvnibdl  of  anj  plane  it  ie  necessary  to  take  into  consideration  only 
tliti  vertical  axis,  and  two  of  the  lateral  axes  adjacent  to  each  other. 

The  various  holohedral  fomis  possible  in  this  system  are  derived  after 
the  analogy  of  those  of  the  tetragonal  system.  The  parameters  for  aU  the 
latei-al  axes  are  given  below  for  sake  of  comparison.  It  is  to  he  noted  here 
that  m  may  be  either  <  1,  or  >  1 ;  n  is  always  >  1  and  <  2,whlle^  >  2 

and  <  <x> ;  farther  than  this  it  is  always  tnie  tliat  J)= =• 


Oe:a:a:(a) 
00  c  :  a  :  a  :  (oo  d) 
□0  c  :  2a  :  d  :  (2a) 
coc:  na  :  a  :  (jw) 
j  c:  a:  a:  {aoa) 
(  mc  :  a  ;  a  i  {at>d\ 
mc:2a:  a:  (2a) 
Tnc  :  jia:  a:  (jJa) 


[0}  whenOT=0,  n=l. 
[/]  when  m=:ao,  n=l. 
[»-2]  when  m=oo ,  n=2. 
[»-n]  when  m=QO ,  n  >1  and  <  2. 
[1]  when»i=l,  n=l. 
[m]  when  wi'^l,  n=l. 
[m-2]  when  tn'^1,  n=2. 
[m-nj  when  m%l,    n  .1  and  <  2. 


o  eiplaoation  beyond  thftt  whioh  lus  be«n  glTcn  on  Pl  M ; 

Basal  planes. — The  form  O=0c :  a:a  includes  the  two  basal  planes 
above  and  below,  parallel  to  the  plane  of  the  lateral  axes. 
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Prisma. — The  form  I=(ae:a'.a  comprises  the  six  planes  parallel  to 
the  vertical  axis,  and  meeting  the  two  adjoining  lateral  axes  at  eqnal  dia- 
tancee.  These  six  planes  with  the  basal  piano  form  the  hexagonal  nnit 
prism,  f.  144.  The  fonn  t-2=:oo  o:2a:  a  includes  the  six  planes  which 
are  parallel  to  the  vertical  axis  but  meet  one  of  the  lateral  axes  at  the  nnit 
distance,  and  the  other  two  at  doable  that  distance.  These  plaLes  with  the 
basal  plane  form  the  diaeonal  prism,  f,  145.  The  relations  ot  the  two 
prisms  I  and  i-2  is  shown  in  f.  146.  In  f.  147,  it  will  be  seen  that  the  one 
prism  truncates  the  vertical  edges  of  tlie  other.  Tlie  faces  of  the  *-3 
make  an  angle  of  150°  with  the  faces  of  /.  These  two  prisms  have  an  inti- 
mate  connection  with  each  other,  and  together  form  a  regrular  twelve-uded 
prism, — a  prism  which  is  crystal  logra]ihically  impossible  except  as  the  reenlt 
(^  the  combination  of  these  two  different  forms. 
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The  form  £-2  is  a  special  case  of  the  general  form  t-n  or  ooc :  na:  a. 
When  »  ie  Bome  number  less  than  2,  and  greater  than  1,  there  must  be  ttra 
planes  aueweriiig  the  given  conditions  in  each  sectant,  and  twelve  in  all. 
Tc^ther  tlioy  form  the  dihex^ousl,  or  twelve-sided,  prism.  This  prism 
bevels  the  edges  of  the  prism  J,  and  the  vertical  edges  are  of  two  Icinds, 
axial  and  diagonal.  The  valnes  of  n  must  lie  between  1  and  2  ;  some  of 
the  occurring  forms  are  i~J,  t'-^,  etc. 

ffexoffonat  pyramids,  or  QuartzoidB. — The  symbol  \=c  :  a  :  a  belongs 
to  tlie  twelve  planes  of  the  unit  pyramid,  f.  148,  while  the  general  form 
m=me  :  a:  a  includes  all  the  pyramids  in  thin  eeriee  where  the  length  of 
the  vertical  axis  is  some  mnltipfo  of  the  assumed  nnit  length.  As  in  the 
tetragonal  system,  when  m  diminishes,  the  pyramids  become  more  and 
more  obtuse,  and  the  form  passes  into  the  basal  plane  when  m  is  zero; 
while  as  m  increases,  the  pv-ramids  become  more  and  more  acute,  and  finally 
coincide  with  the  prism  I.  These  pyramids  consequently  replace  t)ie  basal 
edi;es  between  0  and  /,  f.  149,  and  with  them  form  a  vertical  zons  of  planes. 

'The  pyramids  of  the  m-2  series  have  the  same  relation  to  those  or  them 
series,  just  described,  that  the  prism  i-2  has  to  the  prism  /.  They  replace 
the  basal  edges  between  i-2  and  O  (f.  145),  and  as  the  valne  of  m  varies, 
give  rise  to  a  series  or  zona  of  planes  between  tliese  limits. 

The  pyramids  of  both  the  first  (m)  and  the  second  (m-'2)  series  are  well 
shown  in  f,  180,  of  apatite.  In  the  first  series  there  are  the  pyramids  i,  1, 
and  2 ;  and  in  the  second  series  the  pyramids  1-2,  2-2,  and  4-2.     Tlie  cor- 
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responding  prisms  /and  t-2  are  also  shown,  and  the  zones  between  each  of 
them  and  the  basal  plane  O  are  to  be  noticed.  Attention  may  aIeo  be 
called  to  the  fact,  exemplified  here,  that  the  pyramid  2-2  truncates  the  ver- 
Hcal  edges  of  the  pyramid  2  ;  also  1-2  truncates  the  vertical  edges  of  1 ; 
while  the  latter  form  (1)  also  truncates  the  vertical  edges  of  4-2,  as  is  seen 
inf.  147. 

DihexagoneU  pyramids,  or  BeryUoids. — The  general  form  mc:na:a 
gives  the  largest  number  of  similar  planes  possible  in  this  system,  which  is 
here  obvionsly  twentj-fonr,  that  is,  two  m  each  of  the  twelve  sectants. 
These  pyramids  correspond  to  the  prisms  of  the  i-n  series,  and  form  the 
dihexagonal  pyramids,  or  borylloids,  as  in  f.  151. 


The  berylloid  has  three  kinds  of  edges :  the  axial  edges  X  (f.  151, 152), 
cnnnecting  the  apex  with  the  extremity  of  one  of  the  axes ;  the  diagonal 


edges  Y,  and  the  basal  edgee  Z 


OmAIXOGSUST. 


In  the  upper  pmmid,  one  of  these  two  planes  for  eadi  nctant  may  ba 
dtftingnifhedu  tfier^A^.  and  the  other  the  2^/2,  u  lettered  inf.  152;  and 
tlie  same,  after  inverting  the  cryBtaL  for  thorn  of  the  other  pjTaniid.  It  ia  to 
be  observed  that  in  a  given  poeition  of  the  form,  as  that  of  £.  151,  the  ri^At 


of  the  upper  pyramid  will  be  over  the  le/i  of  the  lower  pyramid,  and  dte 
reverse.  Fig.  153  repreaentfl  the  planes  of  aoch  a  form  m-ncombined  with 
the  aiiit  priBm  /,  and  the  planes  are  lettered  I,  r,  in  avuordaooe  with  the 
above.  In  f.  154,  of  a  ciyetal  of  beryl,  Uie  prism  /  is  oouibined  with  the 
pyramids  1,  2,  2-2,  and  the  berylloid  S-f- 


B.  Hemihedrai  Form$. 

L  Testioaixt  DiXEcr. — The  planes  of  the  npper  range  of  sectanis  being 
in  the  same  vertical  zone  severaUy  with  those  below. 

{A).  BemiMohedral. — H&lf  the  Bectanta  having  the  fall  number  of 
planes : 

1.  Trigonal  pyramids. — The  diametral  pyramid  »»-2  is  some-        W* 
times  tlniB  hemihedral,  as  in  the  annexed  figure  (f.  155)  of  a  crys- 
tal of  qnartz,  in  which  there  are  only  three  planes,  2-2  at  each 
nztremitv,  and  each  of  those  above  is  in  the  same  zone  with  one 
below.    The  completed  form  would  be  an  equilateral  and  Brmme-  ! 
trical  double  three-sided  pyramid. 

2.  Triaonal  jwtw»«.— The  occurrence  of  three  out  of  the  six 
planes  of  the  prism  T,  or  i-2,  prodaces  a  three-sided  prism.  The  prism  1 
IS  thus  hemiliedral  in  tourmaline  (f.  150,  a  top  view  of  a  crystal),  and  the 
prism  t-2  in  quartz.  Both  these  fonna  properly  belong  to  the  Rhombo- 
hedral  division. 

8.  Ditrigorud prUmi. — An  hexagonal  prism  hemihedral  to  the  dihexago- 
nal  prism  occurs  in  quartz  and  tourmaline,  the  hexagonal  prism  sometimea 
having  only  the  alternate  vertical  edges  bevelled,  as  in  f.  185,  and  f.  186, 
p.  40. 

{B).  nolohemihedral. — All  the  sectanta  having  half  the  full  number  of 
planes: 

1.  Hemi-dihexagonal  pyramids. — Each  sectant  has  one  out  of  the  two 
planes  of   the  dihexagonal  pyramid  (f.  151, 158);   this  ia  indicated  bj 
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the  shading  in  f.  157.    The  occurring  plane  may  be  the  right  above  and 
left  below,  or  left   above  and  right  below,  and  the  form  accordingly 


156 


157 


158 


Toannaline. 


Apatite. 


either  rl  m-n,  or  Ir  m-n.  Examples  of  the  first  of  these  occur  in  f.  158, 
representing  a  crystal  of  apatite,  the  planes  ^(3-f),  and  o'{Ac^)  being  of 
this  kind.  This  method  of  hemihedrisra  occurs  only  in  forms  that  are 
true  hexagonal,  and  not  in  the  rhombohedral  division. 

IL  Vebtioallt  altkknate,  the  planes  of  the  upper  range  of  sectants 
bein^  in  zones  alternate  with  those  below. 

{A)  HemiholoJiedral  formsj  or  those  in  which  half  the  eectants  have  the 
full  number  of  planes  as  in  the 

Bhombohedral  Division. 

1.  RhomhohedronSy  and  their  relation  to  Hexagonal  forms. — The  rhom- 
bohedron  is  derivable  from  the  hexagonal  pyramid  by  a  suppression  of  the 
alternate  planes  and  the  extension  of  the  others.  In  f.  169,  if  the  shaded 
planes  in  iront  and  the  opposite  ones  behind  are  suppressed,  while  the  others 
are  extended,  a  rhombohedron  will  be  derived.  This  is  further  shown 
in  f.  160,  where  the  hexagonal  pyramid  is  represented  within  the  rliom- 
bohedron.  Another  similar  rhombohedron,  complementary  to  this,  would 
result  from  the  suppression  of  the  other  alteiiiate  half  of  the  planes.  One 
of  these  rhombohearons  is  called  minus^  and  the  other  plus  (f.  161, 162). 
The  form  in  f.  148  is  made  up,  under  the  rhombohedr^  system,  of  +jfe 
and  — /?  (or  +1  and  —1)  combined,  as  in  the  annexed  figure  (f.  163),  of  a 
crystal  of  quartz. 


169 


100 


161 


^# 


Fig.  164  shows  the  combination  of  the  rhombohedron  with  the  prism  /; 
in  f.  165  the  former  is  more  developed,  and  it  finally  passes  into  the  com 
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I'l'-t"  Htom!K)hedron,  f.161.    In  f.  166  the  rhombohedral  planes  occur  on 
(iM-  iilriTiiato  tiUfr\ea  of  the  diagonal  piiBin  t-2. 

I"  •'yi'x'l  of  the  nnit  rhombohedron  as  referred  to  the  hexagonal  ^» 
,*","  !"  4^"  I  »  :  a),  a  Becnnd  rhombohedron  may  be  i(2c : »  :  o)  and  so  on ; 
^  ffi,  liowiMcr,  more  simple  to  write  only  +Jl  or  -B,  and  +2^  or  -2^,  and 
•"  "II ;  nr,  u  here  there  la  no  conftision  with  the  symbolaof  hexagonal  forms, 
«u*   'r  I,  —1,  and  +m,  —m. 


Tliis  hemihedrism  reflnlting  in  the  rhoinJiohedron  ie  analogons,  in  the 
alternate  positions  of  the  planes  above  and  below,  to  that  pi-«iucing  the 
tetraliedron  in  the  isometric  system.  Bnt  owing  to  the  fact  tliat  there  are 
tkree  lateral  axes  instead  of  two,  the  rhombohedron  has  its  opposite  faces 
tmrallel,  nnlike  the  tetrahedron. 

In  f.  167  the  planes  R  belong  tn 
the  rhombohedron  +1 ;  f  to  the 
rhoiiiboliedruii  +4,  having  the  verti- 
tical  axis  %•:;  0  a  the  basal  plane, 
or  matlieiiiHtically  the  rhombohe- 
dron 0,  the  vertical  axis  being 
Oc  /is  the  hexagonal  prism 
oo :  1  ;  1,  or  nmre  properly  a  rhom- 
bohedron with  an  infinite  axis,  tac 
On  the  opp<«ite  side  of  I  the  planet 
are  rhom  Ixiliedral,  but  belong  to  the 
viinua  scries ;  — I  has  the  vertical 
Cmldta.  axistt-;  —4,4c;  —2,  2c;  — |,  |c, 

this  last  being  complementary  to 
+1,  and  the  same  identical  form,  except  tliat  all  the  parts 
are  reverecd.  Fig.  168,  j4- A' represent  different  rhorabo- 
hedrona  of  the  species  ealcite:  A,  the  rhombohedron  1; 
B,  — i;  C,  —2;  D,—{;  E,i;  having  respectively  for 
the  vertical  axis,  Ic,  ^c,  'ic,  Jc,  ic,  with  c=0.8548,  the  lat- 
eral axes  being  made  eqnal  to  nnity.  In  f,  169  the 
rhombohedron  2  (or  2Ii)  is  combined  with  —1  (or  —S)f 
the  latter  tmncating  the  terminal  edges  of  the  former. 

In  relation  to  the  series  of  +  and  —  rhombohedrons  it 

is  important  to  note  that,  since  tJie  position  of  —iJi  is  that 

I*  TCrtical  edge  of  +7^,  in  combination   with  it,  it  trnncates  theaa 

Similarly  +iB  truncates  the   same  edges  of  — i^,  and  bo  on. 
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Also  +B  trnncatee  the  edges  of  — 2H,  and  —B  the  edges  of  +2/^  (f.  169), 
— 2/f  trnncatee  the  edges  of  -i-iJi,  and  so  on. 

2.  Scalenohedrons  y  forme  kemihedral  to  the  dihmagonal  pyramid, — Ab 
tlie  rhombohedroD  is  a  heinihedral  hexagonal  pyramid  or  quartznid,  so  a 
BL-alenohedron  is  a  heniihedral  dihexagonal  pyramid  or  berylloid.  Tlie 
method  of  hemihedrism  is  gimilar  by  the  Buppreaston  of  tho  planes  of  the 
allerDate  aectaiits,  as  indicated  by  the  shading  in  f.  170  (analogous  to  f.  159) 
and  the  extension  of  those  of  the   other  sectanta.     A  sealenoiiedron  ia 


represented  in  1. 171,  a  hexagonal  double  pjTamid  witli  a  zig-zag  basal  ont- 
line,  and  three  kinds  of  edges  ;  the  shorter  terminal  edge  X,  connecting  the 
apex  with  the  extremity  of  a  lateral  axis ;  the  longer  terminal  edge  Y, 
intermediate  in  poeitiun;  and  the  basal  edge  Z;  XkhA  J^ correspond  to 
X  and  J*  in  f.  151, 152.  There  are  plus  and  mimte  scalenohedrona,  as 
there  &nplus  and  minus  rhombohedrons. 

Tlie  refatiooB  of  the  form  to  replacements  of  the  rhom-  178 

bohedron  are  illnstrated  in  the  other  fignres.  Fig.  172  repre- 
sents a  rhombohedron  (+1  or  S)  with  its  basal  edges  bevel- 
led ;  and  this  bevelment,  continued  to  tlie  obliteration  of  the 
f 'lanes  £,  produces  the  scalenohedron  shown  by  the  dotted 
ines.  The  scalenohedron  in  f.  171, 172  has  the  vertical  axis 
equal  to  Sc,  or  three  times  as  long  as  that  of  Ji,  the  lateral 
axes  of  both  being  equal ;  and  hence  it  is  that  the  planes  are 
lettered  1*,  the  1  referring  to  the  rhombohedron  and  the 
index  '  being  the  multiple  that  gives  the  value  of  the  vertical 
axis  of  the  scalenohedron. 

In  f.  173  there  are  two  scalenohedrons  of  the  same  scries, 
viz.,  1*,  1',  combined  with  the  rhombohedrons  H  (or  -t-1)  and 
+4i     Fig-  174  shows  the  scalenohedron  —  1"  combined  with 
the  rhonibohedrou  —4  (or  —iJ!)  j  and  175,  the  same  with  the  rliombohw 
dron  6  (-(-5B).   . 

Other  scalenohedrons  replace  the  basal  angles  of  a  rhombohedron  by 
two  suailar  planes  (f.  176) ;  or  bevel  the  terminal  edges;  or  replace  the 
termiDal  solid  angles  by  six  planes,  two  to  each  terminal  edge,  or  to  eaoh 
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rW^nbohedral  face ;  and  the;  will  be  relatively  +  or  — ,  accordioj^  to  their 
IMMition  in  one  or  the  other  aet  of  eectanta,  as  has  been  explained.  Fig.  177 
repfcsente  tlie  top  view  of  a  crystal  oi  tourmaline.    Itcontuns  the  riioinbo- 


hedral  planeB,  A,|,  ^,  — i,— },  —f,— 2,  along  with  the  acaletudiedrons  —1', 
—i',  ^i%  If)  ^**  "-"^  '■^  ^'"^  others  bevelling  the  terminal  edgee  of  the 
rhoinbohedron  li. 

The  icalenohedroiu  — }*,  — ^',  —i',  bevel  the  basal  edra  of  the  Tfaombohednm  — ^ ;  and 
ooRMqnaiitl;  the  length  of  the  axea  are  reapectiTely  2,  8, 0  tdmea  that  of  the  rhombahedTDn 
i,  and  benoe,  equal  Id,  ie,  Jc.  Every  KalenobedroD  ootrecponda  to  »  bevdment  of  the 
biuuil  edges  of  some  rhombohedron — and  that  partioalar  one  whose  Ikteial  edges  are  pttrallel 
to  those  of  the  tcftlenohedron.  The  aymbola  (or  them  aooordin^  are  made  np  of  tlia 
■}'mbol  oF  the  ihombohedroa  and  an  index  whioh  aipreraes  the  rebUon  of  it*  verticml  azia 
OH  to  length  to  that  of  the  ihombahsdion,  aooording  tg  a  method  pcopoeed  by  Hatunanii. 
(Seep.  TO.) 

.«,  Hexagonal  pyramidB  of  the  m-2  or  diagonal  series  oconr  in 

many  niomboncdral  specieg ;  as  f,  178  of  corundum,  which 
conUina  4-2(r),  4-2,  ^-2  (for  9-2  on  the  figure  read  '^1-2,  Kltnn), 
along  with  the  rhombohedi-on  1,  and  the  l^aeal  plane  O ;  aieio 
f.  167,  in  which  is  the  pyramid  2-2.  Hemihedral  forms  of  the 
same  pyramids  (of  the  kind  described  on  p.  34)  are  met  with  in 
rhonibohedral  species,  but  only  Biich  as  have  also  tetartohedial 
modification e.  Hemihedral  forme  of  the  hexagonal  and  dihex- 
Coiandam.  agQ,|^  prisma  (p.  34)  are  also  characteristic  of  some  rhombohedral 
species,  and  of  those  that  have  either  tetartuhedral  or  hemiraorphio  modifi- 
cations. 

._  Fig.   ITS  Dliutnitea  the  telative  podtioiu  of  Uie  looea  <d 

'  the    -i-  and   —  rhombohedrona,  and  diagonal  pyramidB   <m-S 

alternating  with  regions  of  +  and  —  s^Jenohedions  in  Ue 
aobeme  of  the  ibombohedral  syBtem.  The  figure  ia  loppoasd 
to  be  a  top  view.  It  is  sinular  to  f.  162,  p.  84,  and  like  that 
oontaina  the  upper  planes  of  the  dihexagonal  pTimmid ;  bot 
tiieae  are  divided  between  a  piu*  and  »  miaut  scMdeDobedzon, 
those  planes  mailced  +  being  the  former,  and  the  othen  (  — )  the 
latter.  The  three  lateral  axes  are  lettered  each  bb.  The  po^ 
tionot  the  -t->nRzoDeo(  planes  (or  pJu«rhombohedn>tia)re)ativa 
to  the  scalenohedrone  is  shown  by  the  lettering -t- A ;  of  th* 
—mR  tones  (ormtnturhombohedrona)  by  —Ji.  Thepoaituinef 
the  vertical  tone  of  m-2,  or  diametral  pyramidal  plan—,  ii 
indicated  by  the  letter  d.  The  order  of  enocessioi  ' 
w  fnleiazial  seotanta  (the  <nve  in  the  "i^'ti  line  below)  aad  n 
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(1)  Flos  Msalenohedrona,  or  planes  of  the  genenl  form  +m*. 

(2)  Zone  of  plus  rhombohedrons,  -i-fnlL 

(3)  Plus  Bcalenohedrons,  or  planes  of  the  general  form  -{-in\ 

(4)  Zone  of  diagonal  pyramids,  f7»-2. 

(5)  Minos  scalenohedrons,  or  planes  of  the  general  form  —  m". 

(6)  Zone  of  minus  rhombohedrons,  —mR, 

(7)  l£ums  Bcalenohedrons,  —  97>". 

(8)  Zone  of  diagonal  pyramids,  f7»-2. 

(9)  Plos  scalenohedrons,  +m<'. 
(XO)  Zone  of  plus  rhombohedrons,  +mi2L 

(11)  Flos  scalenohedrons,  H-m". 

(12)  Zone  of  diagonal  pyramids. 

And  so  on  around,  as  the  figure  illustrates.  In  the  lower  pyramid  the  order  of  suooession  is 
the  same ;  but  the  pitu  pUmes  are  direotly  below  the  minus  of  the  above  yiew  of  the  upper 
pyramid. 

The  plus  scalenohedrons  have  the  pyramidal  edge  over  the  -{-mR  section,  the  mora 
obtuse  of  the  two  (or  edge  T) ;  and  the  minus  scalenohedrons  have  that  edge  the  less  obtuse 
(or  edge  X),  and  that  over  the  —mB  section  the  more  obtuse  (or  edge  T), 

B.  HoloJiemihedral  formSj  or  thoee  in  which  all  the  sectants  have  half 
the  full  nninbcr  of  planes  (as  shown  by  the  shading  in  f.  180). 

Gyroiddlj  or  trapezohedral  fornia, — Of  the  planes,  in  f .  181  there  would 
occur  only  those  lettered  r,  r,  above  and  below  ;  or  those  lettered  l^  I,  and, 
unlike  f.  157|  the  planes  above  and  below  are  not  in  the  same  zone.    The 
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form  18  consequent! V  gyroidaly  the  planes  being  inclined  around  the  prism, 
both  above  and  below,  and  in  the  same  direction  at  the  two  extremities. 
It  is  also  called  plcbgihedraZ.  The  symbol  for  the  planes  is  rr  m-n,  or 
U  m^  according  as  the  occurring  planes  of  the  two  in  the  same  sector  are 
the  rifffU  or  tiieCeJi.    Fig.  182  is  an  example  of  U  6-|-  in  the  species  quartz. 


0.  Tetartohedral  Forma. 

These  forms  are  hemihedral  to  the  Rhombohedron. 

(A)  Holomorphicforma^  like  the  preceding  hemihedral,  the  planes  occur- 
ring equally  in  the  upper  and  lower  range  of  sectants. 

1.  j^hornbohed/rciL  tetartohedriam, — Occurring  planes  the  alternate  of 
those  mentioned  on  page  85,  that  is,  the  alternate  planes  r  of  one  base, 
and  I  oi  the  other.    They  are  the  r  of  three  alternate  sectants  above,  and 
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the  I  of  three  suctants  below  alternate  with  these.     A  form  of  this  kind 


vuusists  of  six  equal  planes,  eqaally  spaced,  aud  henw,  equal  in  inelina- 
'  1  the  completed  state,  a  rhombohedron. 


It  oecnn 


tiuiis,  and  is  therefore,  ii 

in  nieiia<-.caiiite  or  titanic  iron,  and  in  qnaitz  (f.  183,  planes  13-j}). 

2.  Giji-ouLil  or  trapezohedral  tetartohednam. — Occurring  planes  the 
alternate  of  those  lettered  r  or  Mn  f.  153,  p.  31,  that  is,  the  alternate  planes 
r,  or  alternate  I,  of  both  baeee. 

183  181  18S 


fii   f.  \*i-t,  tlie  planes  c 
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-  -  ,  —      ,-,-",  t^',  o'  (4^,  5-J.  6^,  8-4,  3-»,  the  firet 

fimrrujhtjX^  last  left)  Are  examples.  The  apperandlowerot  a  kind  adjoin 
i\tt:  Mini*:  diametral  plane,  but  are  on  opposite  sides  of  it,  and  therefore  the 
iUrtHf  M^nratits  containing  planes  below  are  alternate  with  the  three  above. 
'\'\m:  tmtid  made  of  these  six  planes  (f,  184)  has  trapezoidal  faces,  and  is 
(!(iII(m1  a  trigimotijpe  by  Kaumann. 

'l'lt<;  tctartobedral  planes  on  quartz  and  cinnabar  have  a  remarkable  cou- 
n';'di"ii  with  the  circular  polarization  which  is  characteristic  of  them 
Idfih,  Hud  which  is  further  explained  elsewhere  (p.  138). 

i\i}  Hemijtwrphic  forms;  the  planes  occurring  either  in  the  upper  or 

til'!  Inwcr  range  of  sectants  aud  not  in  both. 

'I'here  are  two  kinds  of  forms :  (1)  the  hemi^r/iomiohedron,  and  (2)  the 

.„  hemi-ecalenohedron.     Fig.  186  illustrates  each  of  these 

'    _  forms.     The  form  Ii  is  properly  hemihedml  at  the  two 

extremities,  its  planes  being  very  large  at  one,  and 

quite  small  at  tlie  other.     So  with  —J.    Another  rhom- 

bohedron,  —2,  occurs  only  at   the  upper  extremity. 

Again,  V  i^  a  hemi-scalenonedron,  the  upper  six  planes 

being  present,  but  not  the  lower. 

The  prism  /  in  this  figure  is  hemihedral,  as  explained 
on  p.  34.  It  is  not  tetartohcdral  to  the  hexagonal 
system  in  the  ordinary  view.  But  since  in  a  vertical 
zone  -i-mli,  oo  S,  —mR,  the  oo  B  may  be  i-cgarded  as 
the  infinite  term  of  either  the  -\-mIi  series,  or  else  the 
same  of  the  —mR  series ;  and  as  this  view  accords  with 
the  tetartohedral  character  of  the  mR  series  in  all  such 
crystals,  it  might  be  ranked  among  tetartohedral  forms. 
I  point  of  view,  the  ditrigonal  prisms  in  tourmaiiue  and 
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quartz  are  tetartohedral,  since  they  may  be  regarded  as  either  plus  or  ilIiius 
tetartohedi*al  scalenohedrons,  with  an  infinite  vertical  axis. 

Variable  elements. — In  the  hexagonal  system  the  same  elements  are  vari- 
able as  in  the  tetragonal  (see  p.  30),  In  other  words,  the  position  of  the 
vertical  axis  is  fixed,  but  (1)  a  certain  length  must  be  assumed  as  the  unit 
in  a  given  species,  and  also  (2)  the  position  of  the  lateral  axes  must  be  fixed, 
for,  as  in  1. 144, 145,  either  of  the  hexagcmal  prisms  may  be  made  /  and 
the  other  t-2. 

The  general  characteristics  of  this  system  which  the  student  must  be 
acquainted  with  are:  (1)  The  planes  constantly  occur  in  threes  or  sixes, 
or  their  multiples ;   (2)  The  frequency  of  the  angles  120°  and  150°  in  the 

Erismatic  series ;  (3)  The  rhombohedral  cleavage,  common  in  species  be- 
>nging  to  the  rhombohedral  division.  It  is  also  important  to  note  that 
many  forms  apparently  hexagonal  really  belong  to  the  orthorhombic  system, 
being  produced  by  twinning  parallel  to  the  vertical  prism  ;  e.g.y  the  appar- 
ently hexagonal  prisms  of  aragonite.  The  close  relation  of  the  two  systems 
is  spoken  of  elsewhere  (p.  46). 

The  planes  of  symmetry  for  the  holohedral  forms  are  analogous  to  those 
in  the  tetragonal  system  ;  that  is,  one  principal  plane  of  symmetry  normal 
to  the  vertical  axis,  and  six  others  intersecting  in  this  axis.  These  last 
belong  to  two  sets,  the  planes  of  the  one  cutting  each  other  at  angles  of 
60°,  and  diagonal  to  those  of  the  other. 


IV.— ORTHORHOMBIC  SYSTEM. 

In  the  Obthobhombio  system  the  three  axes  are  unequal  Cyb^d;  of  these 
i  is  the  vertical  axis,  b  is  made  the  longer  of  the  two  lateral  axes,  or  the 
macrodiagonaZ  axis,  and  d  the  shorter  lateral,  or  brachydia^onaly  axis.^ 

The  different  occurring  forms,  deduced  as  before  from  the  general  ex- 
pression, are : 


I 


cob  :  a 
mc  :  b  :  Qoa 


m-n 
m-H 
[m] 

[11 
m-l 


I 


00  c  :  nS  :  a 

'i-n' 
i-H 

coc  lb  \na 

ooc  :  b  :  a 

in 

ccc  :  b  :  ooa 

i-i 

coc  :  cob  :  a 

t-t 

Oc  :b  :  a 

iO] 

The  abridged  qrmbols  need  very  little  explanation  additional  to  that  given  on  p.  35.  As 
before,  onlj  the  essential  part  of  the  symbol  is  given  ;  m  is  written  first,  and  refers  in  all 
cases  to  the  vertical  axis  (e),  and  n  refers  to  one  of  the  lateral  axes,  whether  the  longer  {I) 
or  the  shorter  (d)  is  indicated  by  the  sign  placed  over  it,  as  n  or  n.  When  n— oo ,  this  is 
Indicated  by  the  i  hitherto  used,  and  the  sign  is  placed  over  it,  i,  or  i,  with  the  same  sign!- 
ttcatioQ.  These  correspond  to  the  symbols  us^  by  Naumann,  as  follows:  0=0 P;  »-i=: 
sdPoo;  <-i=c6jP»  ;  coPn^i-n;  mPi6=«i-i;  mP=m'y  m-n=mPn^  eto. 


*  For  the  relation  of  the  axes  thus  lettered  to  those  of  Dana's  System  of  Mineralogy  an| 
•f  othar  aatii^EB,  see  p.  53. 


12 


OBTSTAUiOOBAFHr. 


A,  HoloKedrdi  Forms. 

Pvnacoida, — The  final  case  mentioned  in  the  above  enumeration  em- 
bi-aces,  as  before,  the  two  basal  planes,  or  basal  pinacoids ;  the  one  pre- 
ceding^ it  includes  the  two  planes  parallel  to  the  vertical  and  macrodiagonal 
axes  {p  and  d),  called  the  TOitoropinacoids^  and  the  third  includes  the  two 
v>lanes  parallel  to  the  vertical  and  brachydiagonal  axes  (o  and  a),  called  tlie 
tyrachypiiiacoids.  These  three  sets  of  planes  together  fonn  the  solid  in 
f.  188,  which  is  called  the  diametral  prism.  In  consequence  of  the  ine- 
quality of  the  different  pairs  of  planes  there  are  only  four  similar  edges  in 
any  set ;  thus  four  similar  vei*tical  edges ;  four  macrodiagonal  basal  edges, 
two  above  and  two  below,  between  O  and  i-i ;  and  similarly  four  bracny- 
diagoual  basal  edges  between  O  and  i-i ;  tlie  eight  solid  angles  are  all 
similar. 


187 


189 


Prisma. — ^The  form  oo  c  :  6  :  a,  or  /,  includes  the  four  planes  of  the  unit 
prism  which,  in  combination  with  (?,  is  seen  in  f.  187.  in  this  case  the 
eight  basal  edges  are  similar,  being  made  in  each  case  by  a  similar  pair  of 
pfanes  O  and  L  Of  the  vertical  edges  there  are  two  pairs,  those  at 
theextremity  of  the  axis  d,  which  are  obtuse,  and  those  at  the  extremity 
of  ?,  which  are  acute.  Similarly,  there  are  two  sets  of  basal  solid  angles, 
four  in  each ;  for  though  each  solid  angle  is  formed  by  the  meetingjot 
the  same  three  planes,  the  angles  are  different  in  the  two  cases.  xhe 
form  /  replaces  the  four  similar  vertical  edges  of  f.  188  ;  the  macro- 
pinacoids  i-i  truncate  the  obtuse  vertical  edges  of  the  prism  /,  and  the 
brachypinacoids  i-l  truncate  the  acute  vertical  edges  of  /,  as  shown  in  f .  189. 
There  are  two  other  series  of  prisms  with  symbols  (Xtcxnb  \  a  and 
00  (? :  &  :  na.  In  the  latter  series  the  axis  h  is  made  the  unit ;  the  reason  for 
this  will  be  obvious  when  the  relations  of  the  two  forms  are  explained. 

The  prism  /  meets  both  axes  a  and 
b  at  their  unit  lengths,  as  in  f.  187. 
If,  now,  the  prismatic  planes  meet 
the  longer  lateral  axis  {Jb)  at  a  greater 
distance,  a  prism  is  formed  such  aa 
that  in  f.  190,  whose  symbol  is  i-S^or 
COG  :  2b  :  a.  This  is  a  macrodiago- 
nal prism  ;  and  othei*s  might  have 
the  symbols  i-i  {ooc  :  Sb  :  a),  i-4  (qc-  (? :  4J  :  a),  and  so  on,  or  in  general  i-4L 
If  n  becomes  less  than  unity,  the  case  shown  in  f.  191  arises,  where  the 
inner  prism  has  ^=i,  and  the  symbol  is  i-^  (cociib  :  a),  still  retaining  d  aa 
the  unit  axis.  For  convenience  of  reference,  however,  the  principle  before 
explained  (p.  11)  is  made  use  of,  and  the  plane  is  called  oooib  :  2a,  or  «-i; 
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theee  expreaaioiu  and  tlioae  before  given  being  identical,  except  tliat  in 
tlie  latter  case  b  ie  the  unit  axie.  By  this  method  the  use  of  any  fractions 
less  than  unity  ie  avoided.  The  inner  prism  i-^,  indicated  by  dotted  lines 
ill  f.  191,  then  becomes  the  onter  prism  or  i-i.  The  prisms  of  the  general 
form  i-A,  are  called  brachydiagonal  prisms. 

The  prisms  t-n  bevel  the  fi-ont  and  rear  (obtnse)  edges  of  the  prism  T, 
f.  192,  and  the  prismB  t-4  bevel  the  side  (acute)  edges  as  in  f .  193.  Further, 
the  former,  i-n,  replace  the  edges  between  i-i  ana  /  (f.  194),  while  the  i-A 
prisms  replace  the  edges  between  t-i  and  /  (f .  194). 

This  series  of  planes  (f.  194),  from  i-l  to  i-i,  te  another  example  of  a 
zone ;  all  the  planes  make  parallel  intersections  with  each  other,  being  alike 
in  that  they  are  parallel  to  the  vertical  axis. 


IM 


IH 
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Domes. — The  form  jtic:  oob:a  includes  the  four  planes  which  are 
parallel  to  the  macrodiagonal  axis,  and  meet  the  vertical  axis  at  variable 
distances,  mnltiples  of  the  unit  length  (see  f.  34,  p.  11).  An  example  of 
them  in  combination  with  i-i,  the  brachypinacoid,  is  shown  in  1. 195. 
These  planes  are  called  maerodomes  (see  also  f.  196). 


The  fonns  mo  :  b  :  aaa  inclnde  four  analogous  planes,  which  differ  in 
this  respect,  that  they  are  parallel  to  the  brachydiagonal  axis,  and  are  hence 
called  orachydomea  (sec  f.  35,  p.  11).  In  this  case,  the  longer  lateral  axis 
is  taken  as  the  nnit.  Fig.  197  siiows  two  such  brachydomee,  l-l  and  2-1, 
in  combination  with  other  forme.  (See  also  f.  198.)  The  word  dome,  used 
here  and  above,  is  derived  from  So/iiJ,  or  domus,  a  house,  the  form  resem- 
bling the  roof  of  a  house. 

The  combination  of  1-i  with  \-i  is  shown  in  f.  199,  forming  a  rectangular 
octahedron,  and  in  f.  200  they  are  shown  replacing  the  solid  angles  foiined 
by  I  and  O,  as  in  f.  188.  As  either  of  the  three  directions  may  be  made 
ihe  verticid,  it  is  evident  that  theee  domes  differ  from  vertical  prisms  only 
in  position. 
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The  occurrence  of  these  domes  in  combination  with  the  other  forms,  0, 
ki,  i-l,  Ij  affords  an  illustration  of  the  law  of  symmetry  that  all  similar 

paits  must  be  modified  alike.  Thus  in  1 
187,  as  has  been  shown,  there  are  two  sets 
of  solid  angles,  four  in  each ;  one  set  is 
replaced  by  the  four  planes  of  the  form 
m-iy  and  ii  one  is,  all  must  be ;  and  tlie 
other  set  (lateral)  is  replaced  by  tlie  four 
planes  of  the  form  wii,  f.  200. 

Octahedrons  {ar  Pyramids). — ^The  sym 
ho\o:l:  a{l)  belongs  to  the  unit  octahedron  (f.  201).     It  replacee  tb« 
edges  between  the  prism  /and  the  basal  plane  O  (f.  202).    It  also  replaces 
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the  eight  similar  solid  angles  of  the  diametral  prism,  as  in  f.  208.  This 
is  a  special  case  of  the  form  mc:b  :  a^  in  which  m  may  have  values  vary- 
ing from  0  to  00 .  Fig.  208,  of  sulphur,  shows  a  zone  of  such  planes,  of 
the  general  symbol  mo  :  J  :  a,  with  f?i=oo  for  /;  also,  m=l,  m=i,  *»=i, 
f7i=^,  and  finally  7W=0,  for  the  basal  plane  O, 


204 
I 


206 


907 


The  general  form  in  this  system,  consisting  of  eight  similar  planes,  may 
l«e  written  either  mc  :  nb  :  a  (m-7i)  ormc  :o  :  na  (m-^).  The  relation  be- 
tween the  two  is  the  same  as  that  between  the  prisms  i-ij  and  i-A.  Thus, 
in  f.  204,  one  plane  of  the  octahedron  2c :  2b  :  a  (2-5)  is  given,  and  also  one 
plane  of  anotner  octahedron  or  pyramid,  whose  symbol  is2€  :b  :  a  (2).  If 
n  becomes  less  than  unity,  as  i,  the  plane  has  the  symbol  2o  :  ib  :  a  (2-}). 
In  order  to  avoid  this  use  of  fractions  the  symbol  is  written  4c :  J  :  2a^ 
that  is,  4-2.  The  plane  is  shown  in  f.  205,  in  its  two  positions  correspond- 
ing to  2c:ib  :  aj  and  4:c:b  :  2a,  the  two  being  crystallographically  iden 
iicaL 
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Tbna  tliere  are  two  seriBe  of  p^'rainidal  planes :  a  macrodiag&noZ  (m-n), 
where  the  ehorter  axie  is  taken  as  the  unit,  and  a 
hrachydiagonM  (^n-A),  where  the  unit  is  the  lunger 
Uteral  axis;  and  between  the  two  lie  the  unit 
octahedron  (1)  and  thoee  of  the  m  seriea,  juet  as 
the  prism  /  lies  between  the  prisma  i-n  and  t-^i. 
The  maurodiagonal  planes  1-3  and  2-9  are  sliown 
in  f.  206  and  f.  207.  It  is  also  seen  in  f.  207  that 
the  planes  2-fi,  V4,  2-i  all  make  parallel  intersec- 
tions with  eac^  other  and  with  i-i,  being  an 
example  of  a  zone  where  the  ratios  of  the  ver- 
tical axes  are  the  same.  Further  orthorbombic 
forms  are  displayed  in  f.  208,  of  sulphur,  already 
referred  to.  The  full  symbol  of  the  plane  \-l  is 
e:b:da. 


B.  HemiKedral  Forma. 


Sulphas 


The  hemihedral  forms  that  have  been  observed  are  of  two  kinds :  1, 
The  vertiofdlif-ohlique  (p.  14),  producing  monodinic  furma;  and  2,  the 
hemimorphic,  in  which  the  planea  of  the  octahedrons  or  domes  of  one  base 
have  DO  corresponding  planes  at  the  opposite  extremity.     The  former  kind 


is  illustrated  in  f.  209,  of  the  species  chondrodite  (var.  humite,  type  III). 
Fi^.  310  represents  the  holoh^ral  form  of  the  same ;  the  planes  |-i,  1-i, 
3-t,  are  of  macrodomes ;  l^-i,  ^i,  |-1,  4-1,  of  brachydomes  ;  and  the  others  of 
varioos  octahedrons,  mostly  in  two  vertical  zones,  the  unit  zone  (mc  :  b  :  a), 
and  the  1  :  2  zone  (ma  :  2b  i  a).  In  f.  209  the  alternate  of  tiie  macro- 
domes  and  of  the  octahedral  planes  of  tbe  1  :  2  zone  are  absent  in  the 
upper  half  of  the  form,  and  are  present  without  those  with  wbich  they 
alternate  in  the  lower  half.  The  crystal  consequently  resembles  one  under 
the  monoclinic  aystom. 

J}atoiits  was  formerly  cited  as  a  hemihedral  orthorhomhic  species,  hut  it 
has  been  fonnd  to  be  really  monoclinic.  Furthermore,  it  has  been  recently 
shown  by  tbe  author,  by  reference  to  the  optical  properties,  that  the  ebon* 


■ni5:fr  •r  -its  ^encmd  3abi  ciiird  ^pes  (see  p.  305)  is  not  ortborhombic  bot 
t^it^.'iiut:.  tad.  ~^"*  sinse  be  tme  aUo  of  hamite.* 

"fY-«»t;-T«ir"iini  :xiri»  ebsncterize  the  8pecic«  topaz  and  calamine.  The 
jfcter  .a  i  ill  m*  jR^;  tl«  plaues  of  a  tiemioutahcdron  at  one  extremity, 
is-i  '■"■**  IE  insnitioiDa  at  the  other.  For  the  prro-electric  properties  ot 
j.-»-t  ^  mfe  an*  t>-  IiOi. 

~ir<M.;V*  iistiwN^ — In  the  ortborhombic  svetcni  the  lengths  of  the  three 
UHf-  JP?  -artuuf.  KMXigfa  their  position  is  fixed,  and  after  these  are  fixed 
-:»  -ji  .!.■«  "C  ,i«e  ft'c  tiw  Terticaf  axis  must  be  arbitrarily  made.  In  other 
1^  cisn  i-^^in  *3  orthortKsnbic  crystal,  the  three  rectangular  directiotia  are 
't'JS'-.  -^  "v**  ttAi^pti^^^  mnet  be  made  which  will  iDatheinatioally  deter- 
•-..iw  =»;  '«iaa^  ^'f  two  of  the  axes  in  tenns  of  the  third.  For  instance, 
:;  i  cr*"*Cfc-  "^  i«n»in  occurring  domes  are  adopted  as  the  nnit  planee  1-i 
fcai  t.  S.  =i»  *iU  determine  the  relative  lengths  of  the  three  axes,  for 
•«*i.».-ti  ;'«v' 3u«»urement8  will  be  necessary;  ur,  if  an  occurring  octahe- 
^  it  1^  af«atr«U  af  the  nnit  octahedn>n  (1.)  this  aiuiie  will  obviously  fix  the 
&\»«i  .'■(*  wr*-  *'*"«  '"""^  independent  measurements  are  necessary  in  order 
X-  snaJ-if  3»  »,■  v.-alouUte  their  length,  as  is  explained  later,  p.  74.  Hav- 
^  iewnwined  u^vn  the  relative  lengths  of  the  axes,  one  of  these  must  be 
•rtAtst*  rai,'  wTtii-*!  axis  (c\  and  then,  of  the  two  remaining,  the  shorter  will 
\^  ^  Smoh^Aliap^inal  l,<i),  and  the  longer  the  macrodiagonal  axis  (A). 

t-t  jivMin^  iht>!*  arbitrary  points,  the  f<)Howing  serve  aa  gntdes  :  The 
i«;\:  ot  iW  Vr^-9tals ;  the  refations  of  the  given  species  to  those  allied  in 
>«ti\*iti\'tt ;  iho  doavage,  which  is  regarded  as  pointing  to  thiit  form 
wtii^R  i»  |»»vH'*'''b"  fundamental ;  and  other  considerations.  How  arbitrary 
»Jitf  v-lh'i^v  gy'uerally  is  is  well  shown  by  the  fact  that,  in  a  considerable 
wj-hSt  v^  »iHH'i»'«  U'liuiging  to  this  system,  diflferent  lengths  of  axes,  as 
»;*•  vtirt'"'"'  (Hwitions  for  them,  have  been  adopted  by  different  auUiors. 
VXtw'W  «»  optical  oxaniination  can  be  made  of  an  ortborhombic  ciystal, 
i)w!  rv«t\ltr  <tlu)W  what  tho  true  |.'>osition  of  the  axes  is,  in  accordance  with 
.)     .^iiioiplco  pi»[Mi«>d  by  Schrauf,     This  subject  is  alluded  to  again  in  its 

Ttw  jt'Hft'iii  i'f>iiriiftcnstie»  of  the  crystals  of  this  system  are  not  so 
uMrkt^l  i»«  tliinw'  of  tlio  pn'ceding  systems.  The  kind  of  symmetry  should 
I  ,  ^,,)|  iiudriftixHl,  though,  us  remarked  on  p.  50,  crystals  which  are  in 
,^,,^,,4,0  orlliorliimibic  may  lie  really  monoclinic;  the  tme  test  of  the 
''^jm  In  1,1  Ihi  fnnnd  in  tl>«"  three  rectanffiiiar  axi&l  directions.  A  pris- 
HMitU'  liwl'll  U  vory  <iimni(in,  the  prisms  (except  the  diametral  prism)  n^tt 
KiAtui  wl"'*"''  "''"*  ''"'  pi-omineuce  of  some  of  the  most  commonly  occnr- 
i?tw  »Mi»'l>Hlon»'*  and  brachydonies ;  a  prismatic  cleavage  is  common, 
T  ((I'lfln  H  ii|<iavng»  oxists  parallel  to  one  of  the  pinacoids  {f.g.,  w) 
*  I  „„|  (,i  tim  otiuir,  which  twuld  not  be  true  in  the  tetragonal  system; 
mmIUi'Iv  tlin  pliiPi'-ii  i'l,  «'-*  »ro  soraotimee  physically  different,  e.£r.,  in 
|l  It)  Iimtm 

bfti  altwrnly  b<w<  rumarkod,  forms  apparently  hexagonal  are  common 
-  wfintti  iiHicli^H  iKilongiiig  to  this  system  ;  this  is  true  in  those  cases 

Hitnwraph  wm  pnt  Into  tTpe,  D«a  C1oi>e«nz  hu  umoanoad  Oit  an  opti- 
r   111  III  It"  (iriiTod  that  hamite  rajBtaU,  ol  ♦'"—  "   --"i  ttt    ._  ».ii_ 

,..twl  •iMivo.     Th»  flgnrai  axe  aUowed  to  ronu 

|n)i  Oil*  inialiodof  bamiliedilun  wouM  prodnc 
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where  the  prism  has  an  angle  approximating  to  120°.  Tt  is  immediately 
evident,  as  is  explained  more  thoroughly  in  the  chapter  on  compound 
crystals,  that  if  three  individual  crystals  are  united  each  by  a  prismatic 
face,  when  the  prismatic  angle  is  near  120°,  they  will  form  together 
a  six-fiided  prism,  approximating  more  or  less  closely  to  a  regular  hexa 
ffonal  prism.  Similarly,  under  the  same  circumstances,  the  correspond 
mg  pyramids  will  thus  together  fonn  a  more  or  less  symmetrical  hexagonal 
oyramid.  This  is  illustrated  b^  the  accompanying 
ngnres  of  witherite,  where  the  prismatic  angle  is  118  , 
%^  It  need  hardly  be  added  that  this  is  true  in 
general,  not  only  of  the  vertical  prism,  but  also  pi  a 
macrodome  or  brachydome,  having  an  angle  near  120°. 
The  optical  relations  connected  with  this  subject  are 
allnded  to  elsewhere,  p.  147. 

Planes  of  Symmetry. — The  three  diametral  planes 
are  planes  of  symmetry  in  this  system,  and  they  are  the  only  ones. 
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v.— MONOCLmiO  SYSTEM. 

In  the  MoNocuNio  systek  the  three  axes  are  un- 
equal in  length,  and  while  two  of  them  have  rectan- 
galar  intersections,  the  third  is  oblique.  The  position 
usually  adopted  for  these  axes  is  as  shown  in  f.  214, 
where  the  vesical  axis,  6^  and  lateral  axis,  i,  make 
retangiilar  intersections.  The  same  is  true  of  h  and 
a,  while  c  and  d  are  oblique  to  one  another. 

The  following  is  an  enumeration  of  the  several 
distinct  forms  possible  in  this  system,  deduced,  as  be- 
fore, from  the  general  expression : 


I 


— f?w?:  nb  :  a 

— wirn 

•^mo  :nb  :  a 

'•j-m-n 

^mc  :b  :na 

—mrn 

•¥mo  :b:na 

+  WI-A 

^mc  :b  :  a 

[-m] 

—cih:  a 

[-1] 

•^mc  :h:  a 

[+m' 

4-c:  ft  :  a 

[+1' 

fne  :  h  :  coa 

m^ 

{ 
{ 


— mc : 

cob  : 

a 

•\-mc : 

oo5 : 

a 

OOC 

:  nb  :  a 

00  0 

:b 

:  na 

30(J 

:b 

:  a 

000 

:  00 

b :  a 

ooc 

:b 

:  coa 

Oci 

b: 

a 

irn^ 


The  abridged  sTmbols  corrmpond  to  those  in  the  orthorhombic  syBtem,  explained  on  p.  43. 
Tlia  only  point  to  be  noted  is  that  where  n  or  »  relates  to  the  clinodiagonal  axis,  (2,  this  is 
iirfiGated  by  an  aooent  placed  over  it,  as  m-i,  m-n ;  but  in  m-i,  and  m-n,  etc.,  t-  and  n  refes 
Io  the  arthodiagonal  bzib.  Nanmann  wrote  these  mPco ,  and  mP/t,  or  else  with  tha 
aoeent  aoroas  the  initial  letter  P,  The  minos  signs  are  used  in  the  same  way  as  by  Naomann 
(na  p.  76). 

Pinaooids. — ^Ab  in  the  orthorhombic  system,  there  are  thi'ee   pa'rs  of 
piuacoidal  planes :  the  base  O=0c  :b:a;  m§  ortAopinacoid^  parallel  to  the 
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ortho-axiB  (b)  oo  e  :  -xj  6  i  a,  or  i^ ;  Rnd  the  cUnoptnaeoid,  parallel  to  the  in 
clined  axis  (d),  aoc  :  b  :  oDa,or  t-i. 

Ill  tlie  Bolld  (f.  216)  or  diametral  priBm  formed  of  these  three  pain  of 
platteo,  the  four  vertical  edges  are  similar,  and  this  is  alsotmeof  the  four 
edges  between  0  and  i-i.  On  the  other  hand,  the  four  remaining  edges  an 
of  two  eets ;  that  is,  the  edge  in  fnmt  alxire  is  similar  to  the  edge  be- 
hind and  below,  for  the  angles  are  eqnal 
aiid  inclosed  by  ainiilar  planes ;  bnt  these 
edges  are  not  similar  to  the  remaining 
two,  since,  though  the  plance  are  the 
same,  tlie  inclosed  angles  are  unequal  to 
the  former.  Further,  there  are  two  sets 
of  solid  angles,  two  in  front  and  two  dia- 
gonally opposite  behind,  being  alike  ob- 
tuse angles,  and  the  other  four  aliEe  and  acute. 

I'rUim. — In  conaeqneuce  of  the  similarity  of  the  vertical  edges  of  the 
diametral  prism,  they  must  all  be  replaced  if  one  is  ;  tliis  is  done  by  the 
unit  prism  /(qo  c  :  4  :  a),  in  f.  215,  217. 
21'  Of  the  otlier  priBnis,  each  obviously  consist- 

ing of  four  plaTies,  thei-e  are  two  series,  the 
orthodiagonal,  i-n,  and  clinodiagonal,  i-A, 
bearing  the  same  relation  to  eaeh  other  aa 
the  macro-  and  brachy-diagonal  prisms  in 
I  the  orthorliombic  system,  in  fact,  the  same 
explanation  may  be  made  use  of  here.  Fig. 
217,  of  a  crystal  of  datolite  from  T(M^aDa, 
shows  the  pinacoid  planes,  as  also  tue  unit 
prism,  /,  and  the  clinodiagonal  prism,  *•*. 

Clincdomet. — The  form  nv-i  {mc  :  &  :  oo  a) 
includes  the  four  planes  parallel  to  the  clino- 
diagonal axis,  and  meeting  the  others  at  variable  distances.  They  are  analo- 
gous to  the  brachydomes  of  the  orthorhombic  system.  There  are  four  of 
these  planes,  because  the  two  axes,  c  and  b,  make  rectangular  interaections. 
This  is  also  seen  in  f.  218,  since,  as  has  been  remarkod,  the  fonr  clino- 
diagonal edges  in  f.  215  are  similar,  and  hence  are  siiiinltaneously  replaced 
by  these  clinodomes. 


>l 


Orthodomea. — Of  the  general  form,  mc :  qo  J  :  o,  there  are  two  sets  ol 
phmes,  two  in  each,  both  of  which  are  alike  in  that  they  are  parallel  to  the 
vertical  {c)  and  orthodiagonal  (i)  axes  {see  f .  219).  They  are  unlike,  how 
ever,  in  tliat  two  are  opposite  an  obtuse  angle,  and  two  opposite  the  acuM 
angle.     Consequently  these  two  paii-s  of  planes  are  distinct,  and  muat  oocnt 
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independently  of  each  other.  To  distinguish  between  thera,  those  belonging 
to  the  obtnee  sectants  receive  the  minus  sign(— m-t),  and  those  belonging 
to  the  acnte  sectants  the  plus  sign  {+7nri)j  t  219.  This  same  point  is  illus- 
trated by  f .  220,  where,  as  has  been  remarked^  the  obtuse  edges,  above  in 
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front,  and  below  behind,  are  similar,  and  are  hence  replaced  bv  planes  of 
the  —m-i  series,  while  the  remaining  two  (f.  221),  are  also  similar,  and  are 
replaced  by  +m-*  planes. 

Hemiroctahedrons. — The  same  distinction  of  plus  and  minus  belongs  to 
all  the  pyramidal  planes,  and  the  signs  are  used  in  the  same  way.  For 
each  form  there  are  only  four  similar  planes. 

The  m  series  is  that  of  the  unit  octahedrons,— properly  hemi-octabe- 
drons,  or  hemi-pyramids  -fm  and  — m.  The  form  made  up  of  +1  and  —1 
IB  seen  in  f .  223,  and  in  f.  222  the  same  planes  are  in  combination  with  the 
three  pinacoids. 

The  general  form,  +m-n,  ^m-n^  and  +m-A,  — m-A,  give  each  four  simi- 
lar planes.  They  bear  exactly  the  same  relation  to  each  other  as  the  m-n 
and  m-^  of  the  orthorhombic  system,  so  that  no  additional  explanation  is 
needed  here  in  regard  to  them. 

The  figure  (f.  217)  of  datolite  may  be  referred  to  for  illustrations  of  the 
different  forms  which  have  been  named.  There  are  here  throe  different 
clinodomes  f-i,  2-i,  and  44,  each  comprising  four  planes  ;  a  minus  henii- 
orthodome  (opposite  the  obtuse  angle),  —2-i,  and  also  a  plus  orthodomc, 
-f  2-*  (these  two  planes  are  quite  distinct,  though  numerically  the  symbols  are 
the  same) ;  moreover,  of  hemi-octahedrons  ot  the  unit  series,  there  arc  —4, 
— ^,  and  4-4,  +2,  4-45+lj+i>  +1;  also  of  orthodiagonal  pyramids,  —4-2, 

—6-3,  also  +2-2,  and  of  clinodiagonal  planes,  —  8-i,  and  +12-i.  A 
careful  study  of  a  few  such  figures,  especially  with  the  help  of  models,  will 
give  the  student  a  clear  idea  of  the  symmetry  of  this  system.  It  will  be 
noticed  that  all  the  planes  above  in  front  are  repeated  below  behind,  and 
thoee  below  in  front  appear  again  above  behind.  More  important  than 
this,  it  will  be  seen  that  tne  clinodiagonal  diametral  plane  divides  the  crys- 
tal into  two  symmetrical  halves,  right  and  left;  in  otner  words,  as  remarked 
later,  it  is  a  plane  of  symmetry. 

Hemiihedral  forms  occur  of  a  Jiemimorphic  character,  in  which  the  planes 
about  the  opposite  extremities  of  the  orthodiagonal  axis  are  unlike  a  plane 
of  one  or  more  hemi-pyramids  occurring  at  one,  without  that  corresponding 
at  the  other,  as  in  tartaric  acid,  ammonmm  tartrate,  etc. 

With  many  monoclinic  crystals  the  obliquity  is  obvious  at  sight ;  but  with 
many  others  it  is  slight,  and  can  be  determmed  only  by  exact  measurements. 
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ntes.  The  character  of  the  symmetry  exhibiti 
as  seen  above,  both  +  and  —  planes  ox  the  same 
id  though  they  are  really  distinct  yet  they  may 
he  aspect  of  an  oriharhomMc  crystal.  On  the 
ic  crystals  may  be  hemihedral,  and  thus  may  be 
of  the  symmetry  (p.  45). 

le  monoclinic  system,  the  only  element  which  is 
rthodiagonal  axis  (i)  at  right  angles  to  the  plane 
t  lie.  The  lengths  of  these  axes  must  obviously 
'  as  in  the  preceding  system ;  but,  further  than 
ven  plane,  and  the  angle  they  make  with  each 
1  other  words,  any  plane  in  the  zone  at  right 
may  be  taken  as  the  base  {O)  and  any  ot£er 
The  existence  of  a  prismatic  cleavage,  or  one 
hodiagonal-  zone  often  points  to  the  planes  which 
fundamental.  In  many  cases  it  is  considered 
near  90°  as  the  angle  of  obliouity,  so  as  to  show 
om  the  rectangular  type,  it  need  hardly  be 
3r  widely  both  as  to  the  position  and  lengths 
le  species. 

onoclinic  crystals  have  but  one  plane  of  sym- 
!,  in  which  the  vertical  and  clincKliagonal  axes 
el  to  the  clinopinacoids.  The  maximum  num- 
any  form  is  four,  and  it  will  be  noticed  that 
[Ji  alone  can  enclose  a  space,  or  form  a  geome 


TEICLINIC  SYSTEM. 

le  three  axes  are  mieqnal,  and  their  intersections 
consequence  of  this  fact,  there  is  no  plane  of 
v  opposite  octants  are  similar ;  there  can  conse- 
of  anv  one  kind.  There  are  no  tnmcations  or 
leial  angles  of  90°,  135°,  or  120°.  The  prisms 
>  octahedrons  tetarto-octahedrons. 
d  the  macrodiagonal  (h\  and  the  hrachydia>g<h 
etral  prism  (made  up  of  three  pairs  of  different 

SW  227 


Q  f.  224  the  nnit  prism.  To  the  latter  is  added 
1  two  diafi^onallv  opposite  edges,  wliich  are  two 
t  octahe^irou  (f.  227).    This  octahedron,  as  will 
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be  seen,  is  made  up  of  four  sets  of  different  planes.  The  different  kinds 
of  planes  are  distinguished  by  the  lon^  or  short  mark  over  tlie  n  {n  or  ^i) 
and  also  by  giving  those  whien  occur  m  the  right-hand  octants,  in  front, 
an  accent ;  those  above  (in  the  obtuse  octants)  are  minus,  and  the  others 
plus.  The  form  m-^  consequently  may  be  —  m-A',  or  —  m-^,  -fw-yi',  or 
4-wj^^ ;  and  similarly  with  Wrn.  In  f.  228  the  unit  prism  is  combined  with 
a  hemidome  and  a  vertical  plane  parallel  to  the  brachydiagonal  section. 

The  forms,  although  obnque  m  every  direction,  may  still  be  closely 
similar  to  monoclinic  forms  of  related  species. 
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Anorthite. 


Axinite. 


The  annexed  figures  are  of  triclinic  species.  In  f .  229,  of  anorthite,  of 
tlie  feldspar  group,  the  form  is  very  similar  to  those  of  the  monoclinic 
feldspar,  orthoclase ;  in  orthoclase,  O  on  the  brachydiagonal  (clinodiagonal^ 
section  is  90°,  whence  it  is  monoclinic,  while  in  anorthite  this  angle  is  85 
50',  or  4°  10'  from  90%  and  this  is  the  principal  source  of  the  diversity  of 
angle  and  form. 

Fig.  230  represents  one  of  the  crystalline  forms  of  axinite,  nearly  all  of 
whi(£  fail  of  any  special  monoclmic  habit 
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Introductory  remarhs  on  the  proper  symbol  of  each  plane  of  a  general 
crystalline  form. — Hitherto  the  symbol  m^:  nb  :  a  has  been  employed  to 
express  the  general  position  of  all  the  planes  comprising  any  crystalh'ne 
form,  and  it  has  been  shown  that  there  are  in  some  cases  forty-eight  similar 
planes  answering  to  the  general  symbol,  and  in  other  cases  only  two.  In 
order,  however,  to  express  the  exact  position  of  each  individual  plane  be- 
longing to  such  a  form,  it  becomes  necessair  to  resort  to  the  methods  of 
analytical  geometry.  As  shown  in  f.  231,  the  portions  of  the  axes,  when 
the  centre  is  the  starting  point,  which  lie  above,  to  the  right,  and  in  front 
of  the  centre,  are  called  plus  (+) ;  the  coiTesponding  portions  of  the  axes 
measured  from  the  centre  belowy  to  Uie  lefty  and  behind,  are  called,  for  the 


52 


0BT8TALL0QRAPHY. 


Bake  of  distinction,  mintvs  (— ),  The  planes  of  the  first  quadrant  (see  also 
f.  232)  are  all  poBitive  (+);  the  planes  of  the  second  positive  (+)  with 
reference  to  the  axes  c  and  a^  but  negative  (— )  with  reference  to  6 ;  m  the 
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third,  both  lateral  axes  are  negative  (— ) ;  in  the  fourth  quadrant  the  planes 
are  positive  in  regard  to  c  and  5,  but  negative  with  respect  to  a.  The 
lower  quadrants  are  respectively  similar,  except  that  the  vertical  axis  is 
always  negative.  The  symbols  for  each  plane  of  the  orthorhombic 
octahedron  (f.  231),  taken  in  the  same  order,  will  be  as  follows  : 

Above,  +(?:  -fS  :  -fe*;  +c:  —J  :  -\-a\  -fc:  —  J  :  —a;  +tf :  -f  J  :  —a. 
Below,  — 0  :  +i:  +a;-— c  :  —J  :  +a;  —c  :  — 5  :  — e*;  — o  :  •{■hi  —a. 

The  hexoctahedron  {raa  :na:  a)  may  be  taken  as  another  example.  Tlie 
general  symbol  of  the  form  of  f.  247,  p.  64,  is  3-|  (3a  :  fa  :  a),  but  the 
symbol  or  each  plane  is  distinct.  The  same  principle  applies  here  as  in  the 
other  case.  Several  of  the  planes  in  f.  247  are  numbered  to  allow  of 
convenient  reference  to  them  as  examples,  the  appropriate  symbols  ai'e 
written  below;  the  order  in  the  symbols  is  the  same  as  that  uniformly  used 
in  the  work :  Ist,  the  vertical  axis  (c) ;  2d,  the  lateral  axis  extending  right 
and  left  (J) ;  and  3d,  the  lateral  axis,  in  front  and  behind  (a). 


c      I       a 

1  =  3a  :|a  :    a 

2  =  |a  :  3a  :    a 

3  =    a  :  3a  :  fa 

4  =    a  :  f  a  :  3a 

5  =  ja  :    a 


3a 


6  = 

7  = 

8  = 

9  = 
10  = 


c 

3a 
-3a 
3a 

id 
'3a 


h     a 

a :  fa 
fa :    a 

a :  fa 
--3a :  a 
—fa  :    a,  and  so  on. 


It  will  be  evident  from  these  examples  that  to  express  the  position  of 
an  individual  plane  the  numbei*6  expressing  its  relations  to  the  three  axes 
must  all  be  regarded,  each  with  its  appropriate  sign ;  in  other  words,  the 
values  of  m,  n,  r,  in  the  general  form,  mc  :  nb  :  ra,  must  all  be  given,  one 
of  them  being  unity;  m  always  refers  to  the  vertical  axis,  o;  n  to  the 
lateral  axis,  b;  r  to  the  lateral  axis,  a ;  as  has  already  been  remarked,  a 
is  usually  made  tlie  unit  axis.  In  the  example  last  given  the  axes,  being 
all  equal,  are  all  called  a. 
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Befstanoe  miurt  ba  nada  bent  to  the  method  of  lettoiing  the  axes  adopted  In  tbu  woiIl 
The  luage  of  ihe  majoritj  of  aathon  is  followed,  and  Ute  aabjeot  U  illoBtntted  in  the  fol- 
lowing table. 


Common  naage.  1 
ThU  work  ^ 
(WaiM,BoML>i 
UUlet'a  School, 
Mohs,  NaDmann, 
Dana  (Sjttem  1868 
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DETBBMINATION   OF   PLAKEB   BT   ZONBfl. 

The  snbject  of  zones  haa  been  briefly  explained  on  page  4,  and  varioTia 
examples  have  been  pointed  oii^  The  principle  iB  one  of  the  highest  im- 
portance, both  pravticallj,  eince  it  gives  the  means  of  determining  the 
symbols  of  many  planes  withont  calciilation,  and  also  theoretically.  The 
law  of  30nea,  wnicb  states  simply  that  the  planes  of  a  crystal  lie  in  zones, 
is  one  of  the  most  important  of  the  scietice,  and  second  only  to  tliat  of  the 
rationality  of  the  indices.  The  planes  of  a  crystal  thas  may  be  said  to  be 
connected  together  by  these  zones,  a  single  plane  often  lying  in  a  large 
number  of  zones. 

Parallelism  in  the  combination  edges,  or  mutual  intersections  of  jilancs, 
is  based  upon  some  common  geometrical  ratio,  and  this  common  ratio  be- 
longs to  the  symbols  of  all  the  planes  of  the  zone. 

AU  planet  which  lis  in  the  sarae  zone  will  ^re  exactly 
parallel  reSectioni  with  the  reSeotive  goniometer,  aa  explained 
on  p.  87.  Thi«  is  the  only  deoidTe  test,  and  when  poeaible 
ahontd  be  made  use  of,  alnoe  oombination-edges  often  appear 
parallel  when  the  planes  forming  them  are  not  really  in  the 
■ome  tone,  Farthezmore,  inasmuch  aa  parallel  intenectiona 
are  obeerred  between  pUnea  of  a  lone  only  when  they  actually 
intersect,  the  goniometer  may  often  serve  to  detect  the  ei- 
)«ience  of  lonei  not  otherwise  manifest. 

In  f.  194,  p.  43,  the  planes  i-*,  i-i,  I,  i-i,  i-l,  all 
lie  in  a  vertical  zone,  and  they  are  all  obviuusly 
alike  in  this,  that  they  are  parallel  to  the  vertical 
axis ;  in  other  words,  the  common  vslne  c  =  oo  be- 
longs to  them  all.  Again,  in  the  zone  O,  l-I,  2-1,  Aoanthite.' 
i-l,  etr„  (f.  197,  p.  43),  the  planes  are  alike  in  that 

they  are  all  parallel  to  the  brachydiagonal  axis  ;  in  other  words,  d  =  co  is 
trae  of  alt  of  theiit.  Still  again,  the  pyramidal  planes  J,  1 ,  2  (f.  150,  p.  33), 
are  also  in  a  zone  between  O  and  I,  and  here  the  ratio  1  :  1  for  the  lateral 
axes  applies  to  all ;  also,  1-2,  2-2,  4-2,  are  in  a  zone  from  0  to  i-2,  and  for 
them  Uie  lateral  axes  have  the  ratio  1:2.  In  the  case  of  an  oblique  zone, 
as  i-i,  3-i,  2-a,  1,  etc.  (f.  233),  this  fact  ia  less  evident  on  inspection,  but  is 
equally  true,  as  will  be  seen  later.     The  common  ratio  in  this  case  is  m  =  r. 

Since  all  the  planes  of  a  zone  have  a   oomnrou  ratio,  which  has  beet) 
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shown  to  be  true  in  several  examples  but  also  admits  of  rigid  proof, 
it  is  evident  that  a  plane  which  lies  in  two  zones  has  its  position  deter- 
mined by  that  fact,  since  it  must  answer  to  two  known  conditions.  In 
other  words,  the  algebraic  equation  of  a  zone  is  known  when  the  parame- 
tei-8  of  two  of  its  planes  are  given,  for  they  are  suflScient  to  determine  the 
common  ratio,  and  by  combining  them  the  zone  equation  is  obtained ;  and 
further,  when  the  equations  of  two  zones  are  given,  combining  them  will 
give  the  equation,  that  is,  the  parameters,  of  the  plane  common  to  both. 

The  general  equation,  derived  from  Analytical  Geometry,  for  any  plane 
mc\  nb  \  ra^  making  parallel  intersections  with  the  planes  m/c :  rifo  :  r'a 
and  m'*o  :  n"h  :  r^^a  is, 

M       N      R      ^    .      ^.^ 
1 H =  0;in  which, 

By  fiubstitutinff  the  values  of  the  parameters  of  two  given  planes  for  m\ 
n\  r'y  and  ra'\  n  ,  r"  in  the  zone  equation,  a  derived  equation  is  obtained 
which  expresses  the  relations  between  w,  n,  r  of  all  the  planes  of  the  zone. 
The  form  of  the  general  zone  equation  is  so  symmetrical  that  the  calcula- 
tions ai-e  in  any  case  quickly  and  easily  made  by  a  method  analogous  to 
that  used  in  Mailer's  system  (as  suggested  by  Prof.  J.  P.  Cooke).  If  we 
write  the  parameters  in  parallel  lines,  repeating  the  first  two  terms,  we 
have 


"  ,  n"  /\  T^'   /\  m"  y\  n" 


and  it  will  be  seen  that  the  coefficients  3/",  Ny  R  are  found  by  multiplying 
together  the  parameters  in  the  manner  which  the  scheme  indicates. 

Jf  =  m'm"  (n'r"-r'n").  N^  n'n"  (rW-mV").  R  =  rV  (mV-n'm"). 

Take,  for  example,  the  zone  of  planes  between  i-l  and  1  (f .  233).  For 
i-f,  m'  =  i,  n'  =  1,  7*'  =  i ;  for  1,  m"  =  1,  n''  =  1,  r"  =  1  (i  =  oo  ) ;  hence 
the  scheme  becomes 

1  , 1  A.  1  A  1  A  1 

and  for  the  several  values  of  the  coefficients 

3f=i(l-i)=  -i».    i^=l(i-*)=0,    i?  =  i(i-l)=:tr 

This  reduces  the  zone  equation  to  m  =  r  (after  dividing  by  i?  =  oo  ^,  and 
to  this  all  the  planes  of  the  zone  conform.  So  also  for  the  zone  of  1-i,  /, 
3-f,  1-i,  etc.,  in  f.  234.  The  parameters  of  the  plane  /  and  1-i  arranged  as 
above  give 

i     \     \    i     \ 
\    i     \     \     i 

and  the  values  of  JT,  iT,  R  are  —  *^,  —  ^^  and  +  irrespectively.    Hence  the 
eoue  equation  becomes 

+   —  =0; 
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and  if  r  =  1,  the  general  formula  n  =  -- — r  is  derived.  Between  t :  1 : 1  (T) 

and  1  :i  :  1  (L-l)  the  values  of  n  ai*e  positive,  as  with  the  series  of  planes 

i  :  1-i :  1-i ;  hcifbia;   5  :  |^ :  1 ;  4 :  f :  1 ;  3  :  f :  1 ; 

2:2:1;  f  :  3  : 1,  etc.,  1  :  t :  1.    Between  l:i:l 

and  i  the  values  of  n  are  negative,  that  is,  are 

measured  on  the  back  half  of  tlic  axis  i ;  as,  for 

example,  |:— 4:l;f:— 3:1;  |:— 2:1;  i: 

— 1  :  1.    As  the  zone  continues  on  from  ^  :  —1  : 1 

to  1 :—  1  :  ±i  (1-i),  and  i  :  — 1 :  — 1  (/),the  unit 

axis  is  changed,  making  n  =  —  1,    The  zone  equa* 

—  m 
tion  then  becomes  r  =  — ^,  the  values  of  r  being 

f)06itive  between  ^  :  —  1  :  1  and  1  :  —1  :  dt  i,  and 
negative  between  1  :  —  1 :  ±  *  and  i  :  —  1  :  —  1. 
The  successive  planes  are  i  :  —1  :  2  ;  f  :  —1 :  3  ; 
4:— 1:4;    1  :  — 1  :  ±  i  ;    ^:— 1:— 4;   f 
Both  figures  233  and  234  are  illustrations  of  this  zone. 


y  :  -1:  -3;    ii :  -1 :  —2,  ett. 


If  the  stadent  wiU  select  a  variety  of  examples  of  zones  from  the  figures  in  the  descriptive 
jMurt  of  this  work,  and  will  apply  the  zone  equation  as  given  above  to  them,  paying  special 
attention  to  the  sign$  of  the  parameters  of  each  plane,  he  will  soon  find  that  the  apparent 
difficulties  of  the  subject  disappear. 


235 


KZHIBmON  OF  THE  ZOKB-BBLATION8  OF  DIFFERENT  PLANES  BT  MEANS  OF  METHODS  OF 

FBOJRCTION. 

The  relations  of  the  different  planes  of  a  crystal  are  to  some  extent  exhi- 
bited graphically  in  such  figures  as  have  been  already  given.  Other  meth- 
ods, however,  are  used  which  have  special  advantages.  The  two  most 
important  are  briefly  mentioned  here. 

1.  Quenstedfa  method  of  projection. — In  this  method  the  planes  of  a 
crystal  are  projected  npon  a  horizontal  plane,  usually 
that  of  the  base  {0).  Every  plane  is  regarded  as  pass- 
ing through  the  unit-length  of  the  axis  which  is  taken 
as  the  vertical ;  these  planes  consequently  appear  as 
straight  lines  intersecting  each  other  on  the  plane  of 
projection. 

The  following  are  examples.  In  f.  235,  of  galenite, 
there  are  present  the  planes  of  the  cube,  octahedron, 
dodecahedron,  and  tetragonal  trisoctaliedron  |-}.  In 
the  projection  (f .  236)  the  plane  of  the  paper  is  taken 
as  that  of  the  cubic  plane,  tne  two  equal  lateral  axes  {a) 
are  shown  in  the  dotted  lines,  and  the  vertical  axis  is  perpendicular  to  the 
plane  of  the  paper  at  their  point  of  intersection.  Any  arbitrary  length  of 
the  lateral  axes,  as  oa,  is  taken  as  the  unit.  One  of  the  cubic  planes  coin- 
cides with  the  plane  of  the  paper,  and  the  others,  since  they  are  supposed 
to  pass  through  the  unit  point  of  the  vertical  axis,  coincide  with  the  projec- 
tions of  the  lateral  axes,  and  are  marked  i?,  H. 

The  octahedral  planes  (1)  appear  as  lines  connecting  the  unit  lengths  of 
the  equal  lateral  axes ;  of  the  dodecahedral  planes,  four  pass  each  through 
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the  extremity  of  one  lateral  axis,  and  parallel  to  the  other,  and  four  others 
are  diagonal  lines  passing  through  the  centre ;  they  are  marked  t  in  the 
figure.  "  Tlie  (itlier  planes,  |-J,  when  passing  through  the  unit  point  of  the 
verticjil  axis,  aie  represented  by  the  syinbols  1  :  J  :  1,  aud  1  : 1 :  J,  and 
1 : 1 :  I,  in  the  fii-st  quadrant,  aud  similarly  in  the  other  three. 


■^ 

1                1 

^ 

■A 

\x\/ 

>€" 

■V 

j^\\  i  Jtk 

V- 

l^ 

<Q^ 

\N/ 

The  projection  of  the  first  of  these  planes  is  the  line  joining  the  pointer 
(oc  =  I  of  oa')and  a' ;  that  of  the  second  plane  is  the  line  ioiuing  the  points 
a'  and  y  (cy  =  f  of  co');  that  of  the  third  plane  is  the  line  joining  the  points 
z'  and  2'  (cs'  =  es  -  j  of  ca).  The  same  method  is  followed  in  the  other 
quadrants,  the  twelve  lines,  lightly  drawn,  in  the  figure  are  the  pn)jection8 
237  of  the  twelve  corresponding  planes  of  the  form  }-J. 

Fig.  237,  238,  give  anotlier  example  (topaz)  from 
the  orthorhomhic  system.  The  dotted  lines,  as  before 
(f.  238),  show  the  lateral  axes  on  whidi  tlie  i-olalive 
unit  lengths  of  b  and  d  belonging  to  this  sjwfcies  have 
been  marked  off  {I  =  l.S«2,  &  =  I).  The  four  lines 
passing  through  these  unit  points,  a' and  I/,  are  the  luii- 
lections  of  the  unit  octahedron  1.  The  unit  pmni,  /, 
IS  projected  in  tines  parallel  to  these,  and  passing 
through  the  centre.  The  prisin  i-2  also  passes  throiiirh 
tlie  centre,  but  the  direction  is  that  of  a  line  joining 
the  unit  length  of  the  axis  h  witli  two  times  that  of  d. 
The  symbol  of  the  octahedron  ^{=  jO  :b:  a),  becomes, 
on  supposing  the  plane  to  pass  through  the  unit  point 
'iibiia.  and  it  is  consequently  projected  in  Uie  linet 


of  the  vertical  e 
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joiniiig  the  points  t  {ct  =  i  of  cJ),  and  «  (t»  =  f  of  ca).  The  symbol  of  the 
plane  I  2  (=  |o  :  }  :  2a)  becomes,  on  the  same  condition,  o:io  :  |^£,  and  its 
projection  Unes  consequently  connect  the  points  t  {ct  =  i  oi  S)  and  n  {cu 
=  4  of  ca).  The  same  method  is  followed  in  the  other  systems ;  in  the 
hexagonal  thei'e  are  on  the  plane  of  projection  three  equal  lateral  axes 
cutting  each  other  at  angles  of  60^. 


It  will  be  seen  from  these  examples  that  planes  in  a  zone  all  pass 
through  the  same  point  of  intersection;  as  inf.  234,  0,  f-J,  1,  i(a'),  and, 
f.  237,  /,  i-2,  i-i  (c)  ;  this  is  also  true  mathematically  of  the  planes  6>,  1,  f , 
/,  whose  projections  are  pai-allel.  This  principle,  which  follows  immediately 
from  the  tact  stated  above  that  planes  in  a  zone  have  a  common  ratio  for  two 
of  the  axes,  is  very  important  if  a  given  plane  lie  in  two  zones  its  proiectif)n 
must  necessarily  pass  through  the  two  points  of  intersections  which  belong 
U)  each  of  these  respectively,  and  consequently  its  position  is  determined! 
The  plane  on  f.  237  which  has  no  written  symbol  for  instance,  lying  in 
the  zone  with  f  and  f ,  and  the  zone  with  1  and  |-2,  must,  when  projected, 
pass  through  the  intei^section  point  (f.  238)  8  of  the  former  zone,  and  also 
through  V  that  of  the  second  zone.  The  plane  itself,  then,  is  one  which 
meets  the  vertical  axis  at  its  unit  length,  the  axis  b  obviously  at  an  infinite 
distance,  and  the  axis  a  at  a  distance  f  of  its  unit  length  ;  hence,  the  sym- 
bol is  c  :  cob  :  fa,  or  |c  :  oo ft  :  a  (J-t)  in  the  form  it  is  usually  written.  In 
many  cases  the  ratios  of  the  lateral  axes  are  obvious  at  sight,  as  here  ;  in 
every  case,  however,  the  position  of  the  zonal  point,  and  of  the  two  points 
of  intersection  on  the  axes,  admits  of  exact  determination  by  a  series  of 
simple  equations. 

These  equations  it  is  unnecessary  to  add  here ;  reference  for  them  may 
be  made  to  Quenstedt's  Crystallogmphy,  or  that  of  Klein,  mentioned  on 
p.  59.  This  method  is  of  so  general  use  and  of  so  easy  application  that 
every  student  should  be  familiar  with  it.  Its  advantages  are  that  it  leads 
to  a  clearer  comprehension  of  the  relations  of  the  different  forms,  showing 
immediately  all  the  zones  in  which  they  lie^and  in  many  cases — without  tlio 
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use  of  equations — suffices  to  determine  the  symbols  of  an  unknown  plane, 
and  that  more  simply  than  by  the  use  of  the  zonal  equation.  The  general 
principles  contained  in  the  method  have  been  made  by  its  proposer  (Quen- 
stedt)  the  basis  of  an  ingenious  and  philosophical  system  of  Crystallography 
(Grundriss  der  bestimmenden  und  rechneuden  Krystallographie  von  Fr, 
Aug.  Qnenstedt,  Tubingen,  1873). 

2.  Spherical  projection  of  Iseumann  and  Miller, — In  this  subject,  as 
viewed  by  Miller,  a  crystal  is  situated  within  a  sphere  so  that  the  centres  of 
the  two  coincide.  If  now  perpendiculars,  or  normals,  be  drawn  from  this 
centre  to  each  plane,  and  be  produced,  they  will  meet  the  surface  of  the 
sphere,  and  these  normal  points  will  determine  the  position  of  each  plane. 
If,  then,  this  sphere  is  regarded  as  projected  upon  a  norizontal  plane  it  will 
appear  as  a  circle,  and  the  various  normal  points  will  occupy  each  its  pro- 
per position  on  or  within  this  circle.  This  will  be  made  more  clear  by  an 
example.  If  the  crystal  (f.  237)  be  supposed  to  occupy  the  centre  of  a 
sphere,  and  if  the  terminal  plane  coincide  with  the  plane  of  the  paper,  a 
normal  to  the  plane  O  will  meet  the  sphere  of  projection  at  the  centi-al 
point  (f.  239) ;  the  planes  i-l  at  the  points  indicated,  and  so  of  the  other 

planes  1,  f,  i-2,  etc. 

Two  principles  here  are  of 
fundamental  importance :  Ist,  all 
planes  of  a  zone  have  their  nor- 
mals in  the  same  great  circle,  as 
irl^  f ,  j-t,  etc. ;  and  2d,  the  an- 
gles between  these  normal  points 
are  the  supplements  of  the  an- 

fles  between  the  actual  planes, 
'hese  having  been  stated,  it  will 
be  clear  at  once  that  the  calcula- 
tion of  the  angles  between  dif- 
ferent planes,  %,e.^  their  normals, 
becomes  merely  a  matter  of  solv- 
ing a  series  of  spherical  triangles 
in  which  some  parts  are  given 
and  others  obtamed  by  calcula- 
tion. Upon  this  basis  a  system 
of  crystallography  was  construct- 
ed by  Miller  in  1839,  which,  as  further  developed  by  Grailich,  Schranf, 
von  Lang  and  Maskelyno,  has  every  advantage  over  that  of  Naumann 
in  the  matter  of  facility  of  calculation  as  in  some  other  even  more  import- 
ant respects. 


The  method  of  construction  of  the  circle  of  projection,  for  a  given  crystal,  is  in  most 
very  simple.  The  position  of  the  crystal  is  commonly  so  taken  that  the  prismatic  zone  ia 
represented  by  the  circumference  of  the  circle,  and  the  position  of  the  normal-points  of  sU 
prismatic  planes  lie  upon  it.  The  normal -points  of  the  pinacoid  planes  are  at  90^  from  one 
another  (the  macropinacoid  is  not  present  on  the  crystal,  f.  237).  The  two  corresponding 
diameters,  at  right  angles  to  each  other,  which  are  properly  the  projections  of  two  great  cir- 
cles, intersect  at  the  centre  the  normal-point  of  the  basal  plane,  0 ;  these  diameters  repre- 
sent respectively  the  macrodome  (m-i)  and  brachydome  (/n-l)  zones  of  planes.  The  several 
positions  of  the  normal-points  of  the  prismatic  planes  are  determined  by  laying  oft  the  imp* 
plement  angles  of  each  with  a  protractor ;  that  of  i-2  is  43*^  25',  and  of  /,  62**  §i',  from  tii« 
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normal-point  of  i-t  The  lines  drawn  between  »-2,  0,  and  i-i  (behind),  and  /,  O^  /(behind) 
represent  the  zones  of  the  m-i  and  m  pyramids  respectively.  The  positidn  of  the  normal- 
points  of  a  dome  or  pyramid  npon  its  respective  zonal  line  (g^eat  circle)  is  formed  by  laying 
off  from  the  centre  a  distance  equal  to  the  tangent  of  half  the  supplement  angle  of  the  given 
plane  on  0,  taking  the  radius  as  unity.  For  example,  0  A  |^4  =  126^  27%  hence  the  position 
of  the  required  normal-point  will  be  about  i  (.5046)  of  the  radius  measured  from  0. 

It  is  in  general  necessary  to  determine  in  this  way  the  normal-points  of  but  very  few  of 
the  planes,  since  those  of  the  others  are  given  by  the  zonal  connection  between  the  planes. 
Thus  in  this  case,  having  determined  in  the  way  explained  the  positions  of  the  points  i-i,  t-2, 
/,  and  }-i,  no  further  (»dculation  is  needed ;  the  point  of  intersection  of  the  great  circle 
joining  i-i.  |4,  and  i-l,  and  that  joining  /,  0,  7,  is  the  normal-point  of  } ;  also  the  point  of 
intersection  of  the  great  circle  i-iy  i-t,  i-i  with  i,  0,  /,  is  the  normal-point  of  1,  and  with 
i-i,  O,  i-2  that  of  M 

The  method  explained  is  the  same  for  all  the  orthometrio  systems ;  for  the  clinometric  sys- 
tems Uie  same  principle  is  made  use  of,  though  the  application  is  not  quite  so  simple,  since 
the  basal  plane  does  not  fall  at  the  centre  of  the  circle. 

In  the  system  of  Miller  the  general  form  of  the  symbol  is  AA:2,  in  which  A,  A;,  and  I  are 
always  whole  numbers,  and,  the  reciprocals  of  Naumann's  symbols.  To  translate  the  latter 
into  the  former  it  is  only  neoessary  to  take  the  reciprocalB  and  reduce  the  result  to  three 
whole  numbers  and  write  them  in  the  proper  order.  In  general,  for  m-n  {mc  :  iU>  :  a), 
h  :  k  :  1  =  mn  i7n  :  n^  the  latter  expression  being  written  in  its  simplest  form,  and,  if  neces- 
saiT,  fractional  forms  must  be  reduced  to  whole  numbers  by  multiplication.     Conversely, 

A  A  A         A 

from  hkl  is  obtained  m  =  7?  ^  =  ^.i  ^^^  hence,  -7^1:=  ^^'^     1"^^  applies  to  all  the  sys* 

terns  except  the  hexagonal,  where  a  special  process  is  required.     See  Appendix  (p.  399). 

Methods  of  Calculation. 

In  mathematical  crystallography  there  are  three  problems  requiring 
solntion :  Ist,  The  determination  of  the  elements  of  the  crystallization  of 
a  species,  that  is,  the  lengths  and  mutual  inclination  of  the  axes ;  2d,  The 
determination  of  the  mutual  interfacial  angles  of  like  or  unlike  known 
planes ;  and  3d,  The  determination  of  the  symbols,  that  is,  values  of  the 
parameters  m  and  n  for  unknown  planes. 

This  whole  subject  has  been  exhaustively  discussed  by  Naumann  in  his  several  works  on 
crystallography.  (For  titles,  see  p.  iv.)  The  long  series  of  formulas  deduced  by  him  cover 
almofit  every  oase  which  can  arise.  In  the  present  place  the  matter  is  treated  briefly,  since 
for  aU  ordinary  problems  in  crystallography  the  amount  of  mathematics  required  is  very 
small.  This  is  especially  true  in  view  of  the  fact  that  a  large  part  of  unknown  planes  can 
be  determined  by  the  zonal  equation  already  given.  When  complicated  problems  do  arise, 
the  methods  of  spherical  trigonometry  (based  on  the  spherical  projection  of  Miller)  offer,  in 
the  opinion  of  most  crystaUographers,  the  simplest  and  shortest  mode  of  solution.  It  is  be- 
lieved that  the  student  who  has  mastered  the  elements  of  the  subject,  after  the  method  of 
Naumann  here  followed,  wiU,  if  he  desire  to  go  further,  find  it  to  his  advantage  to  turn  to  the 
system  of  MiUer,  referred  to  on  p.  58  (See  also  Appendix.)  The  formulas  given  under 
the  different  systems  in  the  following  pages  are  mostly  those  of  Naumann,  and  it  has  been 
deemed  desirable  to  explain  at  length,  in  mo!*t  cases,  the  methods  by  which  these  formulas 
are  deduoed.  If  t^ie  student  will  follow  these  explanations  through,  he  will  find  himself  in 
a  position  to  solve  more  difficult  problems  involving  similar  methods.  Spherical  triangles 
are  employed  in  most  cases,  as  early  used  by  Hausmann  (1813),  by  Naumann  (1829),  and 
others ;  and  carefully  explained  by  Von  Kobell  in  1867  (Zur  Berechnung  der  Krystallformen). 
The  same  methods  have  been  elaborated  by  Klein  (Einleitung  in  die  KrystaLlberechnung, 
Stuttgart,  1875). 

THB  RATIO  OF  TmC  TANGENTS  IN  BECTANGULAB  ZONES. 

Tang&rU  principle. — In  any  rectanffular  zone  of  planes,  that  is,  a  zonu 
lying  between  two  planes  at  right  angles  to  each  other,  one  of  them  being 
a  diametral  plane,  the  tangents  of  the  supplement  angles  made  with  this 
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diametral  plaue  are  proportional  to  the  lengths  of  the  axis  correspouding 
to  it. 

Examples  of  rectangular  zones  are  afforded  by  the  zones  between  v4  and 
t-«,  also  7  and  O,  f,  130,  and  /  and  0,  in  f.  208 ;  still  asain  between  I  and 
0,  in  f.  167;  I  and  O,  also  i-2  and  0,  inf.  150.  InT  217,  the  zone  be- 
tween i-i  and  i-z,  and  0  and  i-i,  as  also  the  zones  between  i-i  and  any  one  of 
tlie  oi'thodomes,  are  rectangular  zones,  but  not  the  zones  between  the  basal 
and  vertical  planes  (except  i-i),  nor  those  between  i-i  and  a  clinodome. 
The  truth  of  the  above  law  is  evident  from  the  accompanying  tigures. 
If  tlie  angles  between  the  planes  e*,  ^,  /  (f.  24^  and 
the  basal  plane  0  are  given,  their  supplements  are  tlie 
angles  witn  the  basal  diametral  section  a',  a\  a',  respec- 
tively (f.  241).  The  tangents  of  these  angles  are  the 
respective  lengths  of  the  vertical  axis,  corresponding 
to  each  plane,  as  seen  in  the  successive  triangles.  In 
each  case  we  have  b  tan  a  =  c,  and  hence,  tan  a^ :  tan 
a?  :  tan  <^  =  c* :  c* :  c". 

By  the  law  stated  on  p.  10,  the  ratio  of  the  axes  must 
have  some  simple  numerical  value.  In  other  words,  if 
c*  be  taken  as  the  unit,  c*  and  ^  must  bear  some  simple 
ratio  to  it  (denoted  generally  by  m).  In  general,  if  a', 
a*,  a*  are  the  supplement  angles  of  three  planes  of  a 
vertical  zone  upon  a  basal  plane,  thon| 

tan  a^ :  tan  a* :  tan  1^  z=  »n,'o  :  m*o  ;  m*o  =  m' :  m* :  m*. 

This  is  tme  as  well  for  the  pyramidal  planes  p\  »*,  j^, 
and  the  domes  <?,  <P,  cP  (r.  240),  This  principle  is 
most  commonly  applied  to  a  vertical  zone,  where  the 
angles  on  tbo  basal  plane  are  known,  and  the  value  of 
n*  lor  each  is  required  ;  it  applies,  however,  in  the  same 
way,  to  anp  rectangular  zone. 

For  a  prismatic  zone,  if  the  supplement  augles  on  i-l 
are  given  =  y,  7*,  etc.,  then, 

tan  -/  ;  tau  7*  :  tan  7*  =  y  :  5* :  J*  =  fiM  ft'  :  n'. 

Th«M  telatjona  in»7  peihaps  be  made  more  Dlearbj  a  little  farther 
expUn&tiuiL  Suppose  a  plane  to  pass  throngh  the  vertical  axis  at 
tight  angleii  to  the  given  tone  0.  «',  «',  <*,  and  intersecting  it  in  the 
dotted  line  (see  also  t  341),  A  eimilaz  mction  niAj  be  nude  witii  tlie 
planes  if,  d',  (P,  or  with  p',  p",  p".  From  the  nection  (I.  241),  the 
"-jil  relation  of  the  verticiJ  axes  to  tlie  tangents  of  the  baaal  angles  is  at 
I  once  obviona.  It  will  be  seen  here  thata',  a',  eta,  are  not  only  tbe 
Bnpplements  of  the  interfadal  angles  measured  on  0,  but  are  aim 
equal  to  the  angles  measured  on  t'-{  diminished  b;  90°,  and  this  is  true  in  general.  It  will 
be  also  seen  that  the  angles  a',  "',  etc,  may  bb  obtained  from  the  angle*  of  the  planei 
measured  on  each  other.  Thoe,  given  «'aO  =  180°— a',  and  given  e' A <*■  obnonalj  a*  (sup- 
plement of  ("aO)  =  ai  +  (160*-<'aA 


USE  OF   BPHEBICAL  TBIOOHOUETBT. 

The  use  of  a  spherical  triangle  often  simplifies  very  much  the  operation 
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of  calculating  the  various  angles  and  axial  ratios.    The  following  example 
irill  exemplify  the  principle  involved.     Fig.  242  represents  a  square  octa- 
hedron of  zircon.    If  we  take  the  front 
solid  angle  of  the  octahedi*on  as  a  cen- 
tre, and  f i*om  it  imagine  three  arcs  to 
be  described  \vith  any  radius — one  on 
the  octahedral  plane  BA^  another  on 
the  basal  section  6^il,  and  a  third  on 
the  diametral  section  CB^  it  is  evi- 
dent that  a  spherical  triangle  will  bo 
formed.    In  other  words,  the  point  a 
is  imagined  to  be  the  centre  of  a 
sphere  and  the  triangle  ABC  is  that 
portion  of  its  surface  included  between  the  three  pianos  in  question. 
In  this  triangle  (f.  243)  the  successive  parts  are  as  follows : 

C  =  the  angle  between  the  basal  and  vertical  diametral  sections ; 

here  90°. 
a  =  the  inclination  of  the  vertical  edge  on  the  lateral  axis. 
J?=  the  serai-vertical  angle  of  the  octahedron  (=  ^X). 
h  (the  hypothenuse)  =  the  plane  angle  of  the  octahedral  face. 
A  =  the  semi-basal  angle  (=  \Z). 
b  =  the  inclination  of  the  basal  edge  on  the  lateral  axis. 

In  the  case  given,  h  =  45®,  since  in  this,  the  tetragonal  system,  the 
lateral  axes  are  equal  and  the  basal  edge  makes  an  angle  of  45°  with  each. 
Now  if  either  A  or  B  (that  is,  ^or  Z)  is  given  by  measurement,  two  parts 
in  the  triangle  will  be  known  and  the  otners  can  be  rea  lilv  calculated  as 
they  may  be  required.  Other  examples  will  be  found  in  tlie  pages  which 
follow. 


In  the  majority  of  oases  the  spherical  triangles  obtained  in  the  manner  described  are 
right-angled,  and  the  problems  resolve  themAeives  into  the  solution  of  right-angled  spherical 
triangles.  In  performing  these  operations  practicaUj,  the  student  may  be  assisted  by  the 
following  graphic  method  (used  by  Prof.  Cooke,  of  Harvard  Unirersity).  It  is  based  up<m 
Napier's  rules,  which  are  familiar  to  every  student : 

In  a  right-angled  spherical  triangle  the  sine  of  any  part  is  equal  to  the  product  of  the 
cosines  of  the  opposite  parts,  or  the  product  of  the  tangents  of  the  adjacent  parts.  Here  it 
is  to  be  remembered  that  for  the  two  angles  and  hypothenuse  the  complements  are  to  be 
taken. 

The  problems  are  represented  graphically  as  follows :  In  the  case  i^ven,  suppose  that  the 
basal  angle  (Z)  on  the  given  octahedron  has  been  measured  and  found  to  be  84^  19'  46',  that 
is,  the  angle  A  =  iZ=  42''  9'  53%  and  hence  90^  -A  =  47'  50'  7'.  Then  the  parts  of  the 
le  may  be  written,  commencing  with  C7, 


6(45^) 


90"  (0) 
(90^  -  A) 


(90«  -  h). 


(90*  -  B) 


UB  IB  required,  we  have  (for  ziroon)  sin  (90^  —  P)  =  oos  45°  x  cos  47<'  50^  7*  ; 
whence  .9=61' 89' 47', 

and  the  verfeioal  angle  (X)  is  123''  19'  84'. 

Ako,  Bin  45**  =  tan  a  X  tan  47«  50' 7', 

tan  a  =  0.640373  =  6,  the  vertical  axis. 
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For  oonvenienoe,  some  of  the  more  important  formulas  for  the  solution  of  spherloal 
triangles  are  here  added. 
In  spherloal  right  triangles  C  =  90^ 


_,      -      sin  a 

Sin^=  r-T 

smA 

sm  A 

C08^  =  r r 

tanA 

tana 

008^=  r r 

tanA 

_       -      tana 
sm  b 

tanP=  - — 
sm  a 

008  0 

,            oobA 

sm  P= 

008  a 

COS  h  = 
008  A  = 

=  008  a  008  b 

-QotAootB 

In  oblique-angled  spherical  triangles : 

(1)  Sin  ^  :  sin  B  =  sin  a  :  sin  5 ; 

(2)  Cos  a  =  cos  h  cos  0  +  sin  ^  sin  e  cos  A' 

(3)  Cot  6  sin  0  =  cos  c  cos  A  +  sin  A  cot  ^ ; 

(4)  Cos  ^  =  —  cos  ^  cos  C7  +  sin  j9  sin  (7  oos  a. 

In  calculation  it  is  often  more  oonrenient  to  use,  instead  of  the  latter  formulas,  those 
especially  arranged  for  logarithms,  which  will  be  found  in  any  of  the  many  books  deyoted 
to  mathematical  formulas. 

Cosine  formula. — General  equation  for  the  inclination  of  two  planes  in 
the  orthometric  systems. 

Kepresenting  the  parameters  of  any  plane  by  (j :  J  :  a,  and  also  of  any 
other  plane  by  c' :  6' :  a\  and  placing  W  for  the  supplement  of  their 
Uiutnal  inclination, 

aa'W  4-  cdaa'  -f  Wed 

In  using  this  equation,  the  actual  values  of  the  parameters  are  to  be  sub* 
stituted  for  the  letters.  For  the  planes  m-n,  rn,'-n\  in  the  same  octant,  in 
which  the  parameters  would  be  mc  :  nb  :  a,  and  m^c  :  n^b  :  a, 

mo,  7i5,  a  are  substituted  severally  for  c,  J,  a. 
m'cyn'b.a  "  "         ''c\b\a'. 


I.  Isometric  System. 

The  equality  of  the  axes  in  the  Isometric  system  makes  it  unnecessary  to 
consider  them  in  the  calculations.  The  most  commonly  occurring  prob- 
lems are  the  determination  of  the  symbols  in  the  various  forms,  i-n^  m^ 
fnrm^  m-n  (f.  51,  54,  65,  69^.  These  cases  will  be  considered  in  succession. 
In  all  but  the  last,  but  a  smgle  measurement  is  necessary. 

1.  Form  i-Tij  tetrahexahearon, — The  edges  are  of  two  kinds  (p.  18),  as 
A  aiid  C  in  f.  244 :  a  measurement  of  either  is  sufficient  to  determine  the 
value  of  w.      (a)  Given  the  angle  of  the  edge  A.    Suppose  a  plane  tc 
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[ttss  through  the  edge  A  and  the  adjoining  axis,  ac,  also  a  second  plane 

tlirongh    tlie    two  lateral   axes,  and   imagine   a  spherical   triangle  con- 

Etrncted,    as    explained   on   p.  61. 

This  triangle  (see  f.  244a)  is  right 

fingled  at  O,  and  the  other  angles 

are  ^A,  (half  the  measured  angle  of 

the  crystal)  and  45°,  respectively. 

Hence,  if  V  is  tlie  inclination  of  the 

plane  on  the  lateral  axis,  ac, 

COS  c  =  cos  ^A  v'a, 

and  tan  v  =  na  =  n. 
(4)  Sappnse  the  angle  of  the  edge  O 
to  l>e  given.     In  the  plane  triangle 
(oAc)  of  the  section  in  f.  244,  ^0  + 
45°  +  v  =  180°,  or   v  =  135°-  JC, 

and,  as  before,  tan  v  ^n.  If  the  angle  of  two  opposite  planes,  meeting  at 
the  extremity  of  an  axis,  were  given,lialf  tins  angle  would  be  the  angle  v. 
For  a  series  of  tetrahexahedrons  the  tangent  law  may-  be  applied,  since 
they  form  a  zone  between  two  cubic  planes ;  the  dodeciuiedroi]  rails  in  this 
zone,  being  a  special  case  of  the  tetranexahedron  where  n  ::=:  1.  The  angle 
between  a  plane  v-n  and  the  adjoining  cnbic  face  (H)  is  equal  to  w  +  90°, 
L.-jce,  cot  tf  =  n. 

2,  Form  m,  trigonal  trisoctahedron. — The  edges  are  of  two  kinds,  A 
and  B.     (n)  If  the  angle  over  B  is  given,  suppose  a  diagonal  plane  to 
paea  through  the  vertical  axis  and  the  edge  A, 
meeting  the  planes,  as  indicated  in  the  hgiire.  ^MO 

A  right-angled  plane  triangle  is  formed,  of  which 
the  basal  angle  is  equal  to  ^B,  and  the  base  is 
tlie  diagonal  line  X.  Then  x  tan  ^B  =  the 
verticalsideof  thetriangle(jn«),buta:=  v'4  when 
0=1,  whence  tan  \BV\  =  ma  or  m.  (i)  If 
the  given  angle  is  that  of  the  edge  A,  place 
a  spherical  triangle  (mot),  as  indicated  in  the 
figure.  In  this  triangle  C  =:  90°  {t<T  the  diagonal 
plane  is  perpendicular  to  the  plane  m),  and  the 
other  angles  are  respectively  iA  (half  the  raea- 
snrcd  angle)  and  60° ;  hence,  the  side  opposite 
iA  (=  the  angle  p)  is  obtained.  Farther,  the 
angle  of  the  two  dotted  diagonals  (the  octahe- 
dral and  dodecahedral  axes)  is  35°  16'  (p.  16), 
whence,  ^B  =  144°  44'  —  p,  and,  as  before, 
tan  iBVi  =  m.  See  further  the  following  ease.  The  general  eqnations 
are  tbns : 

tan  iBVi  =  m. 


co6p-2ooBiAVi;    i.ff  =  144°  44'-/). 


3.  Form  m-m,  tetragonal  triaoctahedron. — Suppose  (a)  that  the  angle  of 
the  edge  B  is  given.    In  the  spherical  triangle  1,  in  f.  246,  C=90  ,  and 
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each  of  tlie  other  angles  equals  iB.    Hence,  one   of    the    equal   sidet 
(=  angle  v)   ie  obtained,  and   tan  v=m.    (o)  If  the  angle  U  iSKiveo, 
gj.  the  triangle  2,  in  f,246,i9empwyed; 

here  one  angle  is  =  90°,  a  second 
=  flO'',  and  the  third  =iC,  half 
the  measured  angle  of  the  edge  0. 
The  side  of  the  triangle  =  the  angle 
p  is  calculated,  and,  as  in  the  preced- 
ing case,  f  =  144°  ii'—p,  then  i«+  1 
=  tan  f  Vs. 

The  planes  m-m,  1,  m.,  form  a 
zone  between  the  cubic  and  dodeca- 
hedral  planes  as  f.  461,  p.  244,  to 
which  tlie  tangent  law  may  be  often 
conveniently  applied.  The  form  m 
passes  into  the  octahedron  1  when 
m=l,  and  when  m  is  less  than 
tinity  it  becomes  m-m,  as  explained 
on  p.  17. 

Since  these  planes  form  a  rectangular  zone  the  tangent  of  the  supple- 
ment angles  between  them  and  a  cubic  plane  are  proportional  to  the  vanie« 
of  m'  for  the  given  forme ;  only  by  applying  this  principle  for  m-m,  the 

index  —  (=  —  :  1  : 1)  will    be   obtained,  which  is  eqnivalent  to  m-m 

(=  1  :  m  :  m). 

The  general  equations  for  the  form  m^m  are : 

(a)  '  COB  v  =  cot  iB ;  tan  v  =  wi. 

(A)       co6p  =  coti^V^;  f=144"'44'-p;  tanjy2  =  m  +  l. 

^'  4.   Form  m-n,  kexoi^ahedron. — The  edges  of 

the  hexoctahedron  are  of  three  kinds,  A,  By  G 
(f.  247),  and  two  measurements  are,  in  general, 
needed  in  order  to  dednce  the  values  of  m 
and  n. 

(o)  Given  A  and  B.  In  tlie  obliqne-angled 
spherical  triangle  I  (f.  247),  the  three  angles 
are  ^A,  ^B,  and  45°.  In  this  triangle,  tlie 
side  opposite  ^A  (=  angle  v)  is  calculated,  and 
fium  it  are  obtained  the  values  of  m  and  n, 
as  follows : 


_C0fli.^V'2  +C06i.g. 

~  sin  ^B  ' 


tan  iB  sin  p  =  m\  tan  v  =  n. 


(J)  Given  A  and  C,     in  the  obllque-angl 
angles  are  equal  respectively  to  \A,  iU,  and  60° 


In  the  oblique-angled  triangle  II  (f.  247),  the  three 

ctively  to  J^,  4&,  and  60°     The  side  opposite  ^j1 

=  angle  p)  is  calculated.     But  the  angle  between  the  diagonals,  that  is, 

octahedral  and  dodecahedral  axes,  is  35°  16',  and  the  third  angle  oi 

igle  is  {^  the  inclination  of  the  edge  G  on  thn  dodecahedral  azia  j 


(=  angle 
^woctah 
■Buriani 
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hence,  4  =  144°  44' —p.  Again,  in  the  right-angled  triangle  III  (f.  247^,  one 
angle  =  iC\  and  the  adjacent  side  =p,  whence  the  omer  side,  S  (tne  in- 
clination i>f  the  edge  £  on  the  dodecahedral  axis),  is  obtained  ;  y  =135®—  S, 
and  from  this,  as  above,  and  from  the  angle  p,  are  deduced  the  values  of 
n  and  tu    The  formulas  are : 

^         2  cos  i^-f  cos^K^    C=144°44'-p;  tan  S=  sin  ftan  i^ 
'^  sini6'V3        '  ^' 


V  =  135°—  S ;  tan  y  =  n ; 


nv^2 
n-t-l 


tan  (;'=  m. 


{c)  Given  B  and  C,  It  the  riffht-angled  triangle.  III  (f.  247),  the  two 
angles  are  given,  equal  respectively  to  %B  and  ^U.  From  the  triangle  is 
deduced  tlie  side  opposite  i(7(=  angle  S  defined  before),  and  from  it  is 
obtained  v,  and  from  v  and  ^Bj  the  values  of  m  and  n,  as  in  the  first  case. 
The  formulas  are : 


cos 


B  =  -; — f-= ;  V  =  135**—  S ;  tan  v  =  n:  tan  iB sin  v  =  m. 
siniB 


171 


248 


If,  instead  of  m-n,  the  form  is  in -,  only  one  measurement  is  needed, 

and  tlie  process  is  simplified. 

When  the  angles  of  any  plane  m-n  on  two  cubic  planes  are  given,  their 
supplements  wnl  be  the  angles  of  the  plane  upon  the  corresponding 
diametral  sections,  and  from  them  the  values  of  m-n  may  be  readily  calcu- 
lated. Thus  (in  f .  248),  the  angles  of  a  given  plane  on  a  cubic  plane  at 
a'  will  be  the  supplement  of  its  angle  upon  the 
section  a*a*j  that  is,  the  angle  B  in  the  spherical 
triangle;  similarly,  the  angle  of  a  cubic  plane  at 
a*  will  [ye  the  supplement  of  its  angle  on  the 
section  a*a%  the  angle  A  in  the  spherical  triangle. 
In  thio  same  triangle  C'=  90°.  Hence,  the  sides 
opposite  A  and  J?,  that  is,  the  inclinations  of  the 
twc»  edges  on  the  adjacent  axis,  may  be  calculated, 
and  this  axis  being  equal  to  unity,  their  tangents 
will  give  the  corresponding  lengths  of  the  other 
axes.  These  lengths  mav  not  be  the  values  of  m 
and  n  in  the  form  in  whicn  the  symbol  is  generally 
written,  where  the  unit  axis  is  always  the  shoi*test, 
but  the  latter  are  immediately  deducible.  For  ex- 
ample, if  the  angles  here  mentioned  for  the  plane  numbered  4  (in  f.  247)  had 
been  measured,  the  values  of  the  axes  obtained  by  calculation,  when  the 
front  axis  is  the  unit,  would  be  ^  and  i  respectively,  and  the  symbol,  hence, 
J  :  i  :  1,  which  is  equivalent  to  1 :  f  :  3,  or  m'7i  =  3-f  for  the  general  form. 

HemihedraL  forras, — For  each  hemihedral  form  the  formulas  are  iden- 
tical with  those  already  given  for  the  corresponding  holohedral,  so  far  as 
the  edges  of  the  two  are  the  same.  For  example,  in  comparing  f.  69  and 
f.  87  it  is  seen  that  the  ed^s  A  and  O  are  tlie  same  in  both,  while  B  of 
the  holohedral  form  differs  irom  B*  of  the  hemihedral.    The  formulas  re- 
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quired  to  cover  these  additional  cases  are  given  belowr,  they  are  obtained 
in  a  manner  similar  to  those  in  the  preceding  pages. 

Form  i(m),  f.  85.    Given  B\ 

cos€  =  2co8i^V};  C=35°16'-h€;  tanCVi=:w. 
Form  i{m-m),  f.  81.     Given  B. 

tani^V2=:m. 
Form  i(m-n),  f .  87.    {a)  Given  A!  and  B\ 

cosi^'  ^      cosi^'  V2  V2 

cos  a  =  -: — 5— T7 ;   cos  p  =  -. — f-57 ;  m  = tc%  \  ^  =  — r T^rr 

sm  \A  '  sni  \B:  '  cot  a—  cot  p '  cot  a+oot  A^. 

(J)    Given  ^'  and  (7'. 

^^^2cosi^-+co8_ig^^  C=35°16'+€;  cot  S  =  tan  iC' sin  {; 

sin  i(7V3 

tan  (S  +  45**)  =  n\ tan  t=  m. 

'  n-fl 

Fonni[t^],f.  92.    Given  ^". 

tan  \A"=-  n. 

Form  [wi-n],  f.  100.    (a)    Given  J.''  and  B". 

cos  JJ.'^  ^  n  COS  \A*' 

-, — |-— =  cos  v;  tanif  =  w;  5^^^  =  171^ 

sm  iB'^  '  '     cos  iB 

(J)    Given  A"  and  (7" 

o  i^^t/T         •     o  /I       cos  (9V3  —  COB  i^" 

2  coBiC/  V*  =  sm  C?:  cos^  = =r= — . 

'         ^  '  sini^"v2 

tan  (45® +^  =  m ;  sin  (45®  +  ^  tan  i^"=  n. 

(c)    Given  B''  and  C". 

2cosi^-Vi  =  sinO;cos8  =  ^^^^""^i-^'; 

'  sini^'V2 

tan  (45^+  S)  =  n;  sin  (45® +8)  tan  i^ '  =  m. 


yc*' 


The  Tarions  combinations  of  holohedral  and  hemihedral  forms  which 
▼  occnr  are  unlimited,  and  it  would  be  nnwise  to  attempt  here  to  show 
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the  methods  of  working  them  out.  It  is  only  necessary  to  remark  that  the 
solution  can  generally  be  readily  obtained  by  the  use  of  one  or  two  spheri- 
cal triangles  in  the  way  shown  in  the  preceding  cases. 

The  calculation  of  the  interfacial  angles  between  two  known  forms  can 
often  be  performed  by  the  formulas  already  given,  or  by  similar  methods. 
For  tlie  more  general  cases,  reference  must  be  made  to  the  cosine  formula, 
p.  62. 

Interfacial  Angles. — L  Solohedral  Forms. 

The  following  are  some  of  the  angles  among  the  more  common  of 
Isometric  holohedral  forms;  adjacent  planes  are  to  be  understood,  unless 
it  is  stated  otherwise.  The  angles  -4,  B^  (7,  above,  are  those  over  the 
edges  so  lettered  in  the  figures  referred  to  (see  pp.  15-19),  or  over  the 
corresponding  edges  in  related  forms : 

H /\  H=z  90O,  f.  88         1  A  2-3  =  160*  82',  fL  58  *.|  A  i-h  ^=  t88'  49' 

i/  A  1  =  125  16',  1  40,  41    1  A  8^  =  150  80,  f.  57  •}  a  *-f ,  6\=  157  23 

^  A  »  =  135,  f.  48,  45.      1  A  I  =  169  49  ^2  A  «»  ^,=  148  8, 1  65 

H/\  *-f  =  146  19  1  A  2  =  164  12,  f .  58  i-2  a  i-2,  0,=  143  8 

/T  A  »-2  =  153  26,  f.  64       1  A  8  =  158  ^2  a  ^2,  ov.  top,=  126  52 

if  A  »-8  =  161  84  1  A  8-i  =  157  45  ».2  a  *-8  =  171  52 

jyAH  =  133  19  1  A  4-2  =  151  52  ^2  a  2-2=  155  54 

H/\  M  =  136  45  1  A  5}  =  151  25  <-8  a  ^3,  ^,=  154  9,  f.  66 

H /\  2-2  =  144  44,  f.  55       •'  A  »  =  120  f.  45  ^8  a  »-8,  0,=  126  52 
i/  A  8-3  =  154  46           »  A  •,  ov.  top,=  90        2  A  2,  ^,=  152  44,  f.  51 
HAh  ov.  1,=  115  14       i  A  %}  =  167  42  2  a  2,  .9,=  141  8i 

i/A2,  **  =  109  28,  f.  52   »  A  t-2  =  161  84, 1  68      8  A  8, -4,=  142  8 
i/A8,  **  =103  16        <  A  1-3  =  153  26  8A8,A=153  28i 

J/ A  3-J  =  143  18,  f.  70       •  A  2-2  =  150  8-t,  -4,=  158  18,  f,  69 

//A  4-2  =  150  48  »  A  8-t  =160  54  8-|,  ^,=  149 

jy  A  5-1  =  147  41  <  A  3-8  =  148  31  8-f,  C7,=  158  18 

I  Al  =  1^28,142        ia4-J  =  166  6  4-2,  4,=  162  15 

1  A  1.  top,=  70  82         »  A  5- J  =  162  58*         4-2,  B,  =  154  47* 

1  A  »  =  144  44,  t  47  2-2  a  2-2,  B,=  131  49,  £.  54   4-2,  (7,=  144  3 

1  A  H  =  148  11  2-2  A  ^-^\  Oy=  146  27       5-|,  A,=  152  20 

1  A  v2  =  140  16,  fL  67  2-2  a  2-2,  ov.  top, =109  28    5-5,  B,=  160  82 

1A»-8  =  136  54  8-8  A  8-3,  ^,=  144  54,  t  61   5-1,  C7,=  152  20 

1  A  H  =  1«8  41  8-8  A  8-8,  C7,=  129  81 


n.  Hemihedral  Forms, 
The  following  are  the  angles  for  the  corresponding  hemihedral  forms : 

1  A  1  =  70*»  82',  f.  76,  76a    8-8  a  8^,  t7,=  184*  2'  «  A  »-3,  C,=  107'  27*' 
f  A  f, -4,=  162  89*               8-iA8.},  ^,=  158  18,  187       4-2  a  4-2,  4,=  128  15 

*  A  i,  ^,=  82  10        8-1  A  3-1,  B,=  110  55*      4-2  A  4-2,  i?,=  154  47* 

2  A  2,  -4,=  152  44, 1  85   8-J  A  3-t,  C7,=  158  18       42  a  4-2,  C,  =  131  49 

2  A  2,  B,-  90  42  A  4-2,  ^,=  162  15  8-}  A  3-'  A.=  116  23,  f.  IOC 

8  A  8,  -4,=  142  8  4-2  A  4-2,  B,=  124  51  8-f  A  8-|,  P,=  149 

8  A  8,  ^,=  99  5  4-2  A  4-2,  C,=  144  8  8-|  A  8-1,  (7,=  141  47 

H  A  H,  ^,=  93  22  »-}  A  i-h  Ai^  112  87  5-1  A  5-1,  ^,=  119  3* 

H  A  M,  ^,=  160  15  «  A  i-h    0,=  117  29  5-1  a  5-1,  B,=  160  32 
i-2  A  2-2,  ^,=  109  28,  f.  81  i-2  A  ^-2,  il,=  126  52,1 92,98  5-1  A  5-1,  6',=  181  5 

M  A  2-2,  0,=  146  26*  »-2  A  »-2,  C\=  118  35 

841  A  8-8,  B,=  124  7  i-8  A  ^-8,  A,=  148  8 

In  the  forms  t-|,  t-2  (f .  92),  t-3,  t-4,  J.  is  the  angle  at  the  longer  edge^ 
and  C^  that, at  either  of  the  others. 
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IL — ^Tetragonal  Systeic 

In  the  Tetragonal  system,  as  has  been  fully  explained  (p.  30),  the  length  of 
the  vertical  axis  is  variable,  and  must  be  determmed  for  each  species,  if  the 
length  of  c  is  known,  then  it  may  be  required  to  determine  the  symbols  of 
certain  planes  by  means  of  measured  angles.  These  two  problems  are  in  a 
measure  complementary  to  each  other,  and  the  same  methods  will  give  a 
'solution  to  either  case.  (For  figures  of  the  forms  see  pages  27  and  28.) 
The  calculation  of  the  interfacial  angles  can  be  peiTormed  by  similar 
methods  or  by  the  cosine  formula. 

1.  Form  m. — The  edges  are  of  two  kinds,  pyramidal  Xj  and  basal  Z. 
If  eitlier  angle  is  known,  the  angle  a,  which  is  the  inclination  of  the  edge 
X  on  the  lateral  axis,  may  be  calculated  by  the  spherical  triangle,  as  in 
f.  242,  243.  (Compare  the  explanation  of  this  case,  p.  62.)  Obviously  in 
the  plane  right-angled  triangle  formed  by  the  two  axes  and  the  edge  JT, 
tan  a  =  nic  (since  a  =  1).  If  c  is  known,  then  m  is  determined  ;  and,  con- 
vei*8ely,  a  value  being  assumed  for  m,  in  the  special  case,  6  is  given  by  the 
calculation.    The  general  formulas  are  : 

cot  iX=  sin  a,  or  tan  iZ  V  i  =  tan  a ;  then  tan  a  =  mc. 

2.  Form  m-i. — (a)  Given  the  angle  Z,  mc  is  found  immediately  ;  the 

solution  is  obvious,  for  in  the  section  indicated  by 
the  dotted  line  (f .  249),  iZ  =  a,  and  the  tangent  of 
this  angle  is  equal  to  the  vertical  axis,  (b)  Given 
the  angle  Y.  A  spherical  triangle  placed  as  in 
f.  249,  has  one  angle  =  ^Z",  a  second  =  45°,  and 
the  third  =  90°,  whence  the  side  opposite  ^Y  is 
calculated,  which  is  the  complement  of  a. 

The  general  formulas,  wnich  may  serve  to  de- 
duce the  value  of  m,  when  6  is  given,  or  the  con- 
verse, are: 

cos  iYV2  =  sin  a,  or  tan  iZ  =  tan  a,  and  tan  a  =  mo. 

If  a  series  of  square  octahedrons  m,  or  m-ij  occur  in  a  vertical  zone,  their 
symbols  may  be  calculated  in  both  cases  alike  by  the  law  of  the  tangents, 
the  angles  of  the  planes  on  <?,  or  on  I,  or  i-i,  respectively,  being  given. 
(See  p.  60.) 

3.  Form  i-n, — For  the  angle  of  the  edge  X  (f .  109,  p.  26),  at  the  extrem- 
ity of  a  lateral  axis,  tan  iA  =  n.  From  the  angle  of  the  other  edge  Yj 
we  have  iX  =  135°-  ^F;  and  hence,  tan  (135°-  iZ)  =  n. 

4.  Form  m-n, — The  edges  are  of  three  kinds,  X,  Y,  Z(i,  250),  and  two 
angles  must  be  given  in  the  general  case  to  deteiTuine  7n  and  n. 

(«)  Given  Xand  Z.    A  spnerical  triangle  having  its  vertices  on  the  odget 
JTand  Z,  and  the  lateral  axis,  as  1,  f.  250,  will  have  two  of  its  angles  equal 
^X,  iZ,  i*espectively,  and  the  third  equal  to  90°.     The  solution  of  tliis 
le  gives  the  sides,  viz.,  a  and  i/,  the  inclinations  of  the  e^ges  X  and 
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Z,  respectively,  on  the  lateral  axis.     The  tangents  of  these  angles  give  the 
values  of  f»  and  n.    Theformalae  are  as  follows: 


Sin  iX" 


1  iX  . 


(J)  Given  T  and  Z.     In  a  second  triangle  placed  as  indicated  (2,  f.  250); 
two  of  the  angles  are  i  I^  and  iZ  respectively» 
and  the  third  is  90°.     The  solution  of  this  second  2C0 

triangle  gives  B,  the  inclination  of  the  edge  Z 
on  the  diagonal  axis,  from  which,  in  the  plane 
triangle  we  have  v  =  135"  —  B,  and  from  v  is  ob- 
tained n.  Still  again  from  the  triangle  1  (f,  250), 
and  itssoiutionoBedin  the  preceding  case,  having  ^ 
f^ven  Z  and  v,  a  is  obtained,  and  from  it  ;a  ; 
as  b;  the  following  formulas  : 

*^tr  =  <x»ByV=  ISS^-S,  tan  v  =  n  ; 
Bin  iZ 

tan  ^Z  sin  u  =  tan  a  =  m^, 

(c)  Given  Xand  3^.  A  third  triangle,  numbered  3  in  the  figure,  has  two 
of  the  angles  equal  to^Xand  i  I' respectively,  and  the  third  is  45°.  Solv- 
ing this  oblique-angled  triangle,  the  angle  of  the  inclination  of  the  edge  1' 
on  the  vertical  axis  is  obtained,  and  its  complement  is  the  angle  e,  the  in- 
clination of  the  edge  T"  on  the  diagonal  axis ;  from  e  and  i  Y  are  obtained, 
by  triangle  2,  S.  and  tlience,  as  above,  n;  and  finally,  from  Xand  v,  is 
obtained  a,  and  trom  that  the  value  of  m.  The  simplified  fonnulas  are  as 
follows : 


:n-l: 


II  a  =  n  cot  ^X,  tan  a  =  mc. 


Pyramids  of  the  general  symbol  1-n,  m-m,  etc.,  are  especial  eases  of  the 
preceding,  the  processes  being  for  them,  however,  somewhat  sitnplitied.  A 
single  measurement  is  auflicient. 


IIL  Hkxaoohal  Stbtbh. 

In  the  Hexagonal  system  there  are  three  equal  lateral  axes  (a)  inter 
secting  at  angles  of  60°,  and  a  fourth  vertical  axis  {<})  at  right  angles  to 
the  plane  of  the  others.  Taking  a  =  1,  there  remains  but  one  uimnown 
quantity  in  the  elements  of  a  crystal,  that  is  the  length  of  c,  and  a 
single  measurement  is  sufficient  to  determine  this.  The  relations  of  tliv 
three  lateral  axes  have  been  explained  on  p.  32. 

The  hexagonal  system  is  closely  allied  to  the  tetragonal,  and  optically 
tb^  are  identical,  ae  is  shown  beyond. 

Schraiif  refers  all  hexagonal  forme  to  two  lateral  axes  crossing  at  right 
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angles  and  a  vertical  axis,  in  order  to  show  this  relation.   Accoi  ding  to  him^  in 

this  system,  the  axes  are  c  :  aV3  :  a  ;  in  the  tetragonal  they  are  ci  ai  a. 
Miller's  school,  on  the  contrary,  employ  three  equal  axes,  making  equal 
an£;leB  with  each  other,  and  each  normal  to  a  face  of  the  fundamental  rhom- 
bohedron.  In  each  of  these  methods  a  holohedral  form,  for  instance  a 
hexagonal  pyramid,  is  considered  as  made  up  of  two  sets  of  forms,  having 
diffei*eut  indices. 


A. — Hololi^ed/ral  Forms. 

1.  Form  m :  hexagonal  pyramid,  first  series. — Suppose  a  spherical  trian- 
gle, inscribed  in  f .  148,  p.  33,  having  its  vertices  upon  the  edges  X  and  Z, 
and  the  corresponding  lateral  axis  respectively,  similar  to  the  triangle  of 
f .  242.     This  will  be  a  right-angled  triangle. 

(a)  When  the  angle  of  the  edge  X  is  given,  then  f ,  the  inclination  of  the 
i'.dge  X  upon  the  aajoining  lateral  axis,  is  calculated  : 

sin  f  =  cot  \X  1^3,  and  tan  f  =  mo^  or  =  c,  the  vertical  axis,  when  tti  =  1. 

(J)  Given  the  angle  Z. 

tan  i  Z  Vf  =  mo,  or  =  ^  when  m  =  1. 

2.  Form  m-2 :  hexagonal  pyramid,  second  series. — These  pyramids  bear 
the  same  relation  to  those  of  the  m  series  as  the  ra-i  octahedrons  to  m  octa- 
hedrons of  the  tetragonal  system.  (Compare  f.  112, 146.)  The  methods  of 
calculation  are  similar  (f.  249.)  The  edges  are  of  two  kinds,  vertical  l^and 
basal  Z, 

(a)  Given  the  angle  Y. 

2  cos  \Y  =  sin  \Z^  and  tan  \Z  =  mc^  or  h  whenm  =  L 

(J)  Given  the  angle  Z.    Then  simply 

tan  \Z  =  rac. 

3.  Form  i-n :  dihexagonal  prism. — The  vertical  edges  ai*e  of  two  kinds, 
axial  X^  and  diagonal  z\  the  solution  in  either  case  is  by  means  of  apbuie 
triangle,  in  a  cross-section  analogous  to  that  of  f.  146. 

(a)  Given  X. 

tan  \XVl  =  ^ 
{b)  Given  T. 
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4.  Form  m-n :  dihexaj^nal  pyramid. — ^The  edges  (f.  251)  are  of  throe 
kinds,  JT  and  T^ terminal^  and  Z  basal;  measurements  of 
two  of  these  are  reqnir^  to  give  the  values  of  m  and  ^1 

n ;  this  is  analogous  to  the  calcalation  for  the  form  m-n 
in  the  preceding  system. 

(a)  Given  .Zana  Z.  In  a  spherical  triangle  having  its 
vertices  on  the  edges  JC  and  Zy  and  the  adjoining  lat- 
eral axis  respectively,  two  angles  are  given.  If  i/  =  the 
inclination  of  the  eage  Z  npon  the  lateral  axis  (the  side 
of  the  spherical  triangle  opposite  the  angle  i2I ),  then 

cos  iJT  •— 

cos  y  =  -jgjT^,  n  —  i  =  tan  (i^  -  30**)  V|;  tan  iZ sin  v  :=  mo. 

{b)  Given  T  and  Z.  The  right-angled  spherical  triangle  has  its  vei*tices 
on  the  edges  Y  and  Z  and  the  dia^nal  axis.  If  S  =  the  inclination  of 
the  edge  ^upon  this  diagonal  lateral  axis,  then : 

cos  iY 

cos  S  =  -^j^-Tj-;  but  n  -  i  =  tan  (120**-  S)  Vf, 

also 

(150®—  8)  r=  v ;  and,  as  before,  tan  ^Z  sin  v  =  me. 

(p)  Given  X  and  Y.  In  the  oblique-angled  spherical  triangle,  with  its 
vertices  npon  the  edges  JT  and  Y  and  the  vertical  axis,  the  mree  angles 
are  known,  viz.,  JX,  iY,  and  30"^,  hence : 

2  -  n  _    cos  iXi^. 
n  —  1  cos  i  Y 

Further,  if  f  =  the  angle  of  inclination  of  the  edse  X  upon  a  lateral 
axis,  that  is,  the  complement  of  the  same  edge  upon  Uie  vertical  axis  (the 
side  of  the  spherical  triangle  opposite  the  angle  iY)y 

sin  I  =  n cot  iX,  and  tan  f  =  mc. 

2—7* 

If  the  pyramid  m-n  takes  the  form  m — ^?^  as  determined  by  its  zonal 

m— 1 

relations,  the  calculations  are    simplified,    since  one  unknown  quantity 

only,  m,  has  to  be  determined,  and  one  measurement  is  sufficient. 


B. — RhomboJiedrdl  Division. 

The  relation  of  the  rhombohedrons  and  scalenohedrons  to  the  true  hexa- 
gonal forms  has  been  made  clear  in  another  place.  The  rhombohedron  is 
Uie  hemihedral  form  of  the  hexagonal  pyramid  m,  and  its  symbol  is  writ- 
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ten  _  ,  or  UBaally  mE.    The  Bcalenohedron  is  the  corresponding  hemihe- 

dral  form  of  the  twelve-sided  pyramid,  and  its  symbol  is  written  \(fnrn)  or 
fn/B^'.  The  latter  symbol,  proposed  by  Naumann,  has  reference  to  the 
rhombohedix)n  whose  lateral  edge  corresponds  to  the  edge  Z  of  the  given 
Bcalenohedron. 

The  form  alas  given  by  Naumann  for  redncing  the  symbol  \(n^^  to  the 
form  m'B^  are  as  follows  : 


m  =  — i \  and  n'  = 

n 


n 


For  the  converse,  to  redace  m/B^  to  the  form  i(m-n). 


m  =  m'n'  and  n  = 


2n' 


n'  4-  1 


252 


1.  RJumibohedrona^  mH. — ^The  methods  of  calculation  are  simple,  and 

will  be  understood  from  f .  252.     The  edg^  are  of 

two  kinds,  X  and  Z,  and  their  relation  is  such  that 

the  corresponding  angles  are  the  supplements  of 

each  other. 

Given  the  angle  of  the  edge  X.    A  spherical 

triangle  is  placea,  as  indicated  by  ABC^in  f.  252, 

with  Its  vertices  respectively  on  the  edj5e  X,  tlio 

vertical  axis,  and  the  diagonal  of  the  rhombohe- 

dral  face.    In  this  triangle  A  =  iX,  £  =  60^ 

J  rt      AAo   u  i.  cos  A         cos  i2i 

and  6/  =  90^,  but  cos  a  =   -, — =   =     .    -l-y 

sm  £  sin  60  ' 

here  a  is  the  inclination  of  the  diagonal  line 

upon  the  vertical  axis,  that  is,  the  complement  of 

a,  its  inclination  upon  the  basal  section.    Now  in  the  plane  triangle  abcj 

where  op  =  the  lateral  axis  =  1,  aJ  =  Vj,  hence,  tan  a  V'f  =  mCj  or  =  c, 
the  vertical  axis  of  the  rhombohedron,  when  m  =  1. 
The  general  formulas  are  then  : 


sm  a  = 


cos  jX 
sin  60^ 


,  and  tan  a  VJ  =  mc. 


Obviously,  when  the  angle  of  JR  (or  mB)  upon  the  basal  plane  O  can  be 
measured,  the  supplement  of  this  is  the  angle  a.  Similarly  the  angle  BaI 
-  90°  =  a. 

In  a  series  of  rhombohedrons  in  a  vertical  zone,  the  tangent  law  can  be 
advantageously  applied.  Attention  must  also  be  called  to  the  zonal  relations 
of  certain  -f  and  —  rhombohedrons,  remarked  on  p.  36 ;  these  relations 
may  be  conveniently  shown  by  means  of  Quenstedt's  method  of  projection. 

2.  JScaienohedroTiSj  mB^, — As  seen  in  f.  171,  p.  37,  the  edges  are  of  three 
kinds,  X,  Yy  Z,  and  two  angles,  must  in  general  be  measured  to  allow  of 
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the  determination  of  m  and  n.    The  methods  of  calculation  are  not  alto- 
gether simple.    The  following  equations  are  from  Naumann. 

(a)  Given  Xand  Y. 

n  is  found  from  tL±4  =  ^-C;  further,  sin  iZ  =  -?!L.co6  iX. 

n- 1       cosiF'  '  n  +  1 

also, 

cos  f  = 7=->  and  cot  P  VZ  =  ^tw. 

(i)  Oiven  X  and  Z. 

2n  sin  iZ  ^,       tan  \Z  >  ^ 

(c)  Given  Fand  Z. 

2n       .    sin^Z  ^        tan  iZ       ,         ^,^/- 

r=ri=  -^3^^'     «*f^=  -;^^>  and  cot  rV3  =  fiK?. 

If  fTi,  that  is  the  inscribed  rhombohedron,  is  known,  one  measurement 
will  give  the  value  of  n.  Z'  =  basal  edge  of  the  inscribed  rhombohedron 
(care  must  be  taken  to  note  whether  ^  is  obtuse  or  acute). 

(<f)  Given  X.  sin  ^  =  2  cos  iX  cos  \Z\ 

tan  (^-iZO  cot  iZ'  =  n. 
(«)  Given  Y.  sin  ^  =  2  cos  iFcos  \Z'. 

tan  (^+iZ^  cot  iZ  =zn. 
(/)  Given Z.  tan  iZ,  cot  iZ'  =  n. 

If  n  is  known.    From  X,  we  have  sin  iZ  = cos  ^X ;   then,  as 

71  +  1 

under  (a).    From  7",  sin  JZ  = cos  i  Zl  and  then  as  above.    From  Z, 

71—1 

cos  f'  is  obtained  as  under  (a),  and  then  tno. 


IV.  Obthobhombio  System. 

Of  the  three  rectangular  axes  in  the  Orthorhombic  system,  one  is  always 
taken  equal  to  unity,  in  this  work  the  shortest  (d).  This  leaves  two 
unknown  quantities  to  bedeteimined  for  each  species,  namely,  the  lengths 
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of  the  axes  i  and  J>j  expressed  in  terms  of  the  unit  axis  Ay  and  for  this 
end  two  independent  measurements  are  required.  The  simpler  cases  are 
considered  here. 

Calculation  of  the  Lengths  of  ike  Axes. 

Let   a  =  the  inclination  of  the  edge  Z  to  the  axis  d  (f.  253). 
$  =  the  inclination  of  the  edge  ^  to  the  axis  d. 
7  =  the  inclination  of  the  edge  Y  to  the  axis  i. 

From  the  plane  triangle  formed  by  each  edge  and  the  axes  adjacent 
(f.  253, 254)  tne  following  relations  are  deduced,  when  d  =1: 

'V\  Given  a  and  )8,     tan  fi  =  6  and     tan  a  =  2. 
.  2^  Given  a  and  7,      tan  a  =  2,  and  i  tan  7  =  0. 
[3)  Given  fi  and  7,      tan  /3  =  c,  and  6  cot  7  =  2. 


258 


S54 


255 


Tlie  angles  a,  yS,  7  are  often  given  direct  by  measurement;  for,  obviously 
(f.  254,  255), 

a  =  the  semi-prismatic  angle  /A /(over  i-l). 

/3  =.  the  semi-basal  angle  of  1-i  A  1-i. 

7  =  the  semi-basal  angle  of  1-iA  1-i. 

Also  /a  i-i  =  a  +  90^  ;  1-i  A  i-i  =  y9  +  90^  ;  15  A  (?  =  180^--/8,  etc. 

From  the  octahedron  (f,  253),  the  angles  a,  )8,  7  are  calculated  immedi- 
ately by  the  following  formulas,  and  from  them  tlie  length  of  the  axes  aa 
above. 

(a)  Given  X  and  Z  (spherical  triangle  I,  f .  253), 


cos  a 


_    cosjX.  ^^  n  _    cosJrZ 
sm  iZ  sm  4^ 


(J)  Given  y and  Z  (spherical  triangle  11,  f .  253), 

._  cosiJ"  cosiZ 

sm  a  =   — ^ — ?-^  ;  COS7  =  -r    * 


sin  iZ 


siniZ 


(c)  Given  Xand  J^  (spherical  triangle  III,  f.  253), 

a  COS  i  Y       .  cos  iX 

sm  ^  =     .    I'j  sm  7  =    .     l^ 
smJX  sm  iJ^ 
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If  any  one  of  the  angles  a,  )3,  or  7  is  given,  as  from  the  measurement  of 
a  prism  or  dome,  and  also  any  one  of  the  angles  of  the  octahedral  edges  JT, 
Y^  or  Z,  a  second  of  the  former  angles  may  be  calculated,  and  from  the 
two  the  axes  are  obtained  as  before.  The  formulas,  derived  from  the 
same  spherical  triangles,  are  as  follows  : 

(1)  Given  Xand  a,        sin  )8  =  cot  iXtan  a. 

X  and  /9,        tan  a  =  tan  \X  sin  /9. 
X  and  7,        cos  yS  =  cot  \X  cot  7. 

(2)  Oiven  l^and  a,-        sin  7  =  cot  il^cot  a. 

l^and/8,        cos  7  =  cot  il^cot  j8. 
Pand  7,        cot  a  =  tan  \Y  sin  7. 

(3)  Oiven   Z  and  a,        tan  7  =  tan  \  Z  cos  a. 

Z  and  /9,        cos  a  =  cot  ^  Z  tan  7. 
Z  and  7,        sin  a  =  cot  \Z  tanjS. 


CalGulaition  of  the  values  of  m  and  n. 

The  above  formulas  cover  all  the  ordinary  cases,  the  only  change  that  is 
required  in  them  is  to  write  for  c,  J,«,  in  equations  (1),  (2),  (3),  above,  (/,  J',  a', 
the  lengths  of  the  axes  for  the  given  form,  noting  tnat  0^  =  mc^  and  so  on. 

1.  JrrismSj  i-Ti  or  i^l.  As  remarked,  the  semi-prismatic  angle  (over  i-i) 
is  the  angle  a  (f .  254V  and  tan  a  =  n&.  If  the  calculated  value  of  n  is 
greater  tnan  unity,  tne  form  is  written  qoc  :  nb  :  a  {yh) ;  if  less  than  unitv, 
flie  form  is  written  oocxhina  (t-A),  b  being  the  unit  axis.  Thus  v-^ 
(qo  c  :  iJ :  a)  becomes  i-2  (00  <? :  ft  :  2a). 

2.  Doines^  mrl  and  m-^. — No  further  explanation  is  needed  (f .  255) ;  here 
tan  fi  =  mCj  or  b  tan  7  =  mc. 

3.  Octahedrons^  m, — ^Here  the  angle  a  is  always  known  (it  being  the 
same  as  for  the  unit-octahedron  where  tan  a  =  J),  and  hence  a  single  meas- 
ured angle,  X,  Yj  or  Z  will  give  the  values  of  either  j8  or  7  for  the  given 
form,  and  tan  fi  =  mCy  b  tan  7  =  mo. 

4.  Forms  m-H  or  m-^. — The  measurement  of  the  angles  X,  Yj  Z  will 
give  the  values  of  a,  )8,  and  7  belonging  to  the  given  form,  and  tan  fi  =  mCy 
tan  a  =  nft,  etc. 

Here,  as  in  the  prisms,  if  n  is  less  than  unity,  when  the  axis  d  is  the  unit, 
the  symbol  is  transposed,  and  the  axis  b  made  the  unit,  thus  2c:  ib  :  a  (2-}) 
becomes  4ic:b  :  2a  (4-2). 

If  the  angle  between  the  form  m-fl  (or  m-ii)  and  either  of  the  pinacoids 
can  be  measured,  the  method  of  calculation  is  essentially  the  same  (Com*, 
pare  f .  248) ;  for 

mrfi  A  O  (base)  =  supplement  of  the  angle  iZ; 

mrn  A  i^  fmacropinacoid)  =  supplement  of  the  angle  i  jTj  and 

m-n  A  i-i  (brachypinacoia)  =  supplement  of  the  angle  iX. 

The  method  of  calculation  of  planes  in  a  rectangular  zone  by  means  of 
the  tangents  of  their  supplement  basal  angles  finds  a  wide  .application  in 
this  system.    It  applies  not  only  to  the  mam  zones  O  to  i-l  (macrodomes), 
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O  U>i-t  (brach; domes),  t-i  to  »-{  (vertical  prismB),  and  X  to  O  (anit  octahe- 
drons), but 'alao  to  any  zone  of  octahedrons  m-A  (or  m-ft)  between  O  mnd  in 
(or  vA),  and  any  transversd  zone  from  i-i  to  tn4,  aad  iU  to  f»-i. 


y.  MosoousK  Ststsu. 

In  the  Honoclinto  systeni  the  number 
of  nnknown  gnautitiea  ie  three,  viz.,  the 
lengths  of  the  ^xes  6  and  b,  ezprefised  in 
terms  of  the  nnit  clinodiagonal  axiB  d,  and 
the  obliqne  angle  fi  (also  called  O),  between 
the  basal  ana  vertical  diametral  sections, 
that  is,  between  the  axes  i  and  d.  Three 
independent  meaeurements  are  needed  to 
determine  these  crystallographic  elements. 

The  angle  0  is  obtuse  lu  the  upper  front 
qnadrants,  and  acute  in  the  lower  front 
quadrants;  the  planes  in  the  first  mentioned 

Suadranta  are  distinguished  fi-om  those  be- 
)W  bv  the  minus  sign.  The  unit  octahe- 
dron IB  made  up  of  two  herai-octahedronB 
(—1  and  +1),  as  shown  in  f.  266. 

Calculatton  of  tAs  Zetifths  ^  tKe  Axes, 
and  iha  Angles  of  obii^tt!/. 
Ilepreeent  (see  f.  256)  the  inclination  of  the 

Edge  Xon  the  axis  ^  by  ^    Xon  d  by  ».     Y  oni  by  p. 
_jv      «        «    ([  «  ^'_    j^'  on  (J  ijy  y\   Zoudhy  a; 

For  the  relation  of  the  axes  in  terms  of  these  angles  we  have : 

(1)  In  the  obliqne-angled  plane  triangle,  in  the  clinodiajp)nal  section 


a 

:  0  =  sin  /*  :  Bin  n 

or 

c 

tan^  = 

asin  j9 
c  — acos;8' 

tan  v  = 

CBin/3 
a—  etx)60 

tan/9  = 

2  sin  It,  sin  /t' 
Bin  (^  —  ft')' 

I'nrther 

M 

+  i'  +  i8=180' 

Bm  n     ,               ^ 
-. —  when  a  =  1. 
Bm^ 

,        «  sin  j8 
'*      c+ocos^ 

^        ,          c  Bin  /9 

tan  V  = ^. 

o  +  ccosp 

SsinvsinF' 

^^       Bin(v-,.')- 

/*'  +  */=/9. 

(2)  In  the  right-angled  triangle  of  the  orthodiagonal  section,  h  cot  p=i. 
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(3)  In  the  basal  aection,  d  tan  0-  =  ft. 

The  above  formalas  serve  to  determine  the  lengths  of  the  axes,  and  the 
angle  of  obliquity,  or,  if  these  are  known,  to  determine  the  values  cif  m  and 
n  by  substituting  mo  for  Oj  etc. 

The  angles  fi,  v,  p,  o-,  etc.,  must,  in  general,  be  determined  by  calculation 
from  measured  angles. 

Let  the  inclination  of  a  plane  in  the  positive  quadrant  on  the  clinodi- 
agonal  section  be  denoted  by  JT;  that  on  the  orthodiagonal  section  by  T\ 
that  on  the  basal  section  by  Z.  Let  also  the  corresponding  inclinations  of 
a  plane  in  the  n^ative  quadrants  be  indicated  by  JT',  Y\  Z\  respectively 
(see  f.  256). 

It  is  to  be  Aoted,  when  the  pinacoids  are  present,  that 

+  1A(?  =  180^-.Z:     +lAi4  =  180°-r;    +  1  Ai-i  =  180^-X; 
-1aC>  =  180°-Z^;   -lAi-i  =  180°-F';  -  1 A i-i  =  180^- JT. 

The  same  is  true  for  the  corresponding  angles  of  the  general  form 
±  f?i-n,  or  wi-A. 
Also,  when  ±  1  (f .  256)  alone  are  present  (or  m-n)  note  that 

+  1A  +  1=2X;  — 1A-1  =  2Z^;    +1A-1  (orthodiag.)=  Y^T\ 

(basal)=  Z^-Z!. 

Any  three  of  these  angles  will  serve  to  give  for  the  unit  form  (±  1)  the 
length  and  obli(juity  of  the  axes,  or,  when  these  are  known,  two  of  tnese 
angles  are  sufficient  to  deduce  the  values  of  m  and  n  for  any  unknown 
form. 

In  the  first  case,  as  one  of  the  three  measured  angles  must  be  either 
7"+  1^  or  Z  +  Z\  the  formulas  given  above  do  not  immediately  apply. 

For  example,  if  X^  X'  and  T^-  Y  are  given.  Placing  a  spherical 
triangle,  ahc^  in  f.  256,  with  its  vertices  on  the  edges  X^  JT,  and  Yj 
in  this  the  three  angles  will  equal  -ST,  X  and  Y-^  Y  respectively ;  here 
the  side,  ao,  opposite  the  angle  ( Jr+  Y^  is  calculated,  which  gives  the  value 
of  /Li  +  /Li',  also  the  side,  do,  opposite  X' ;  then,  again,  in  the  right-angled 
spherical  triangle,  where  bo  and  X  are  known,  /i  is  obtained,  thus  fi/  is 
known  and  also  )3.  The  lengths  of  the  axes  follow  from  the  formulas 
given  above. 

The  following  are  some  of  the  cases  which  may  occur : 

{a)  Given  0,  and  iri.     OMri  (front)=  180°-  /8,  behind  =  /8. 

(6)  Given  0,  -  1-i,  and  +  \4.    (?  A  -  l-i  =  180**-  v' ;  (?  A  +  \-i  =  180* 

—  V,    By  the  formula  given  above,  tan  B  =  -; — 7 tt-,  also,  u  =  180*^ 

J  o  '        '^       sin  (i^  —  1/) '         '  '^ 

—  (/3+ 1').  Thus  /9,  /Li,  and  v  are  known,  and  from  them  the  relation  of  the 
axes  d  and  h  is  deduced. 

(c)  Given  iri,  -  1^'  and  +  l-».  i^  A  -  1-i  =  180**-  /i',i^' A  +  \A  =  180* 
-u.    As  before,  tan  /8  =  ^  ?'"  ^  ^^^  ^,  and  v  =  180°-  {fi  -h  /i). 
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{d)  Given  the  priam  /  and  O  (f.  257).     In  the  Bpherical  triangle  ABC^ 

6'=  90°  (inclination  of  base  on  clinodiagonal  section),  £=OaI,  A  = 

^{lA  I).    Hence,  the  sides  OA  and  CB  are  calculated  ;  GA  =  /3  (or,  as 

in  this  case,  180°—  0) ;    0£  =  o-,  which  gives  the  ratio 

*"''  of  the  lateral  axes,  d  and  b. 


rCS^ 


(e)  Given  X-i  and  (?  (or  *4).     Oa1-\  =  \ 
t-lAl4=  180°— p;  also,  1-i  A 1-4  (over  0)= 


1°+  fi,  ftnd 


(/)  Given  +  1  and  —  1,  form  tia  ia  f.  256.  The 
angles  between  the  planes  +  1  and  —  1  and  the  diame- 
tral sections  are  indicated  bv  the  letters  ^,  IT,  etc,  as 
before  explained  (p.  77).  Ine  relations  between  these 
angles  and  the  angles  ft,  v,  p,  etc.,  are  given  in  the  fol- 
lowing formulas,  deduced  by  means  of  spherical  triangles : 


COB  T' 


cos  X      cos  ^ 


also. 


tanX: 


{g\  Given  the  prism  I  and  —  1  (or  -f  1).  The  angles 
7a  /,  —  1 A  /,  —  1 A  —  1  are  measnred.  In  the  spherical 
triangle  ABD  (f.  258),  the  angle  A  =  i(/A  I),  B  = - 
1  A  1,1)  =  K—  1  A  —1)  =  X,  from  which  the  sides  AD 
=  v*  +  (180°-  ff)  and  AB  are  calcnlated.  Then  in  the 
second  triangle,  A^C*,  t?=90'',  j4-ff  is  known,  also  .^; 
I  ence,  CB  =  <rand  CA  =  180°  -  ^  are  calcnlated.  Tlma 
i/  and  ft'  and  /3  become  known,  and  the  relation  of  a  to 
h ;  also  from  a-  follows  the  ratio  of  tj  to  i. 


OalculeUion  of  the  valuer  of  m  and  n. 

In  general,  it  ma^  be  said  that  the  methods  of  calcalation  are  the  same 
as  those  alreadv  given.  In  each  case  the  values  of  /t,»,  p,<r  are  to  be 
obtained,  and  uiose  introduced  into  the  axial  equations  (1,  2,  3)  given 
above  give  the  values  of  mc,  ni,  etc,  from  which  m  and  n  are  derived. 
When  m  the  general  form  m-n  (mc :  nb  :  a)n  is  found  to  be  leas  than 
unity,  then  i  is  made  the  unit  axis  and  the  form  is  written  m-ri  (me: 
b  :  na),  thus  2c:  ib:a  becomes  ie:b:2a  (4-t),  the  same  is  true  for  vn 
and  frtL 

1.  Hemi-octahedrons,  ±  m-n. — Two  measnrements  are  needed,  giving 
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two  of  the  angles  JT,  y,  Z,  etc.,  from  which  are  derived  /i  (or  i/),  p  (or  <r), 
and  from  the  proper  formulas  m  and  n. 

The  following  nerai-octahedrons  require  one  measarement  only :  ±  w, 
±  m^mj  ±  mrfn^  ±  1-n,  ±  1-n.  Further,  it  is  to  be  noted  in  regard  to 
them  that  the  forms  ±  m  have  the  same  ratio  of  the  lateral  axes  as  ±  1, 
that  is,  the  same  value  of  0-. 

Forms  ±  1-n,  and  ±  mrm^  have  the  same  ratio  of  the  axes  i  and  d  as  the 
unit  form  ±  1,  that  is,  the  same  values  of  /i,  v  (ji',  v'). 

Forms  ±  mrmy  ±  1-A,  have  the  same  ratio  of  the  axes  6  and  b  with 
±  1,  that  is,  the  same  value  of  p. 

2.  Form  i-n  (or  i^J, — ^If ,  as  before,  JT,  JT  represent  the  inclinations  of 
the  given  prism  on  tne  clinodiagonal  and  orthodiagonal  sections  respect- 
ively, it  is  to  be  noted  that : 

jr  +  r  =  90^ 

Similarly  to  f.  257,  we  obtain,  in  general,  for  any  form,  ^-n, 

sin  8  tan  JT        ,  -     .  %  &  cot  -Z 

n  = CL^ ;  and  for  t-n.  n  =  — : — 5-. 

J  '  '  smjS 

Since  i-«Ai4  =  90%  the  tangent. law  can  be  applied  in  this  zone  advan- 
tageously. If  2C\  Y^  are  the  corresponding  angles  for  the  unit  prism  /, 
then  for  irUj 

tan  X      tan  J^  ,    .       .  ,  tan  X*     tan  F 

'*=tejnr^=tirF'    ^^  ^^^  ^^''=tsnr=torT^- 

3.  Forms  db  m-t,  hemi-orthodomes. — For  each  form  the  corresponding 

valaes  of  /i,  v  (ji,\  v')  are  to  be  obtained  by  measurement  or  else  calculatea, 

and  from  them  the  value  of  mo  obtained  from  the  formulas  (1),  mc  = 

sin  V    ^ 
-. — ,  etc. 
sm/ft 

4.  Forms  m4,  clinodomes. — Similarly  as  with  the  prisms,  when  Xand 
Z  denote  the  angles  with  the  clinodiagonal  and  basal  sections, 

X+Z=90^ 
For  any  form  m^ 

icotX 

0  sm  p' 
Or  by  the  tangent  law,  X^  being  the  corresponding  angle  for  14^ 
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Tbigunio  Ststeil 

Tlie  triclinic  Bystem  is  characterized  by  its  entire  want  of  s^nnmetry. 
The  inclinations  of  all  the  diametral  plftnes,  and  hence,  the  inclination  of 
the  axes,  are  oblique  to  one  another.  There  are,  then,  five  unknown  quan- 
tities to  be  determined  in  each  case,  viz.,  the  three  angles  of  obliquity  of 
the  axes,  and  the  lengths  of  the  axes  i  and  i^  d  being  made  =  1. 

The  axes  are  lettered  as  in  the  oi*thorhorabic  system :  i  =  the  vertical 
axis,  i  =  the  macrodiagonal  axis,  and  d  =  the  brachydiagonal  axis. 

Let  (f.  259)  a  =  angle  between  the  axes  i  and  b; 
969  fi=z  angle  between  the  axes  c  and  d; 

^  *y  =  angle  between  l:he  axes  i  and  d. 

Also,  let  A  =  angle  of  inclination  of  the  diame- 
tral planes  meeting  in  the  axis  d;  H  =i  angle  of 
inclination  for  those  intersecting  in  the  axis  ^  and 
C=  the  angle  of  those  meeting  in  6. 

The  macrodiagonal  (m-n)  and  brachydiagonal 
(m-A)  planes  are  indicated  as  in  the  orthorhombic 
system,  also  the  planes  op])06ite  the  acute  angle 
(p)  are  called  H:i  and  those  opposite  the  corre- 
sponding obtuse  angle  —  ^  furthermore,  tlie  planes 
in  f ix)nt,  to  the  right  (and  oehind,  to  the  left)  are  distinguished  by  an  accent, 
as  mrn\ 

In  the  fundamental  octahedron  formed  by  four  sets  of  planes,  these  are, 
taken  in  the  usual  order  (f.  227),  —  1',  —  5,  +1',  +  1,  and  below,  +  1', 

In  the  determination  of  any  individual  crystal  belonging  to  this  system, 
the  axial  directions  as  well  as  unit  values  have  to  be  assumed  arbitrarily ; 
in  many  cases  {e.g.j  axinite)  the  custom  of  different  authors  has  varied 
much.  Two  points  are  to  be  considered  in  makinc:  the  choice :  1,  the  cor- 
respondence in  form  with  related  species,  even  if  these  be  not  triclinic,  as, 
for  example,  in  the  feldspar  family  ;  and  2,  the  ease  of  calculation,  which 
is  much  xacilitated  if,  or  the  planes  chosen  as  fundamental,  tiie  pinacoids 
are  all,  or  at  least  in  part,  present. 

In  general,  the  methods  of  calculation  are  not  simple.  Some  of  the 
most  important  relations  are  given  hero  (from  Naumann\  In  actual 
l^ractice,  problems  which  arise  may  be  solved  by  some  of  tne  following 
lormulas,  or  by  means  of  a  series  of  appropriate  spherical  triangles,  used 
as  in  the  preceding  pages,  and  by  which,  from  the  measured  angles,  the 
required  elements  of  the  forms  may  be  obtained. 

In  addition  to  the  angles  already  defined,  let,  as  follows  (f.  259), 

Jr=  inclination  of  a  plane  on  the  brachydiagonal  section  ; 
1^=  "  '*  "      macrodiagonal        "    . 

Z=  «  «  «      basal*  " 

Let  the  inclination  of  the  edge, 

Xon  i  =  fly  Yon  ^  =  p,  Z on  rf  =  ^, 

J[  on  d  =  V,  y  on  X  =  7r,  Z  on  {  =  Ty 
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When  the  three  pinacoida  are  present,  the  ansleB  A^B,  G  are  given  by 
jieasnrement  These  angles  are  connected  wim  the  axial  angles  by  the 
following  eqaatioiie : 


COS  A  +  COB -g  cog  C 


;     oo8)3  = 


cos  -fi  +  COB  C  cos  j4 


,  (7        »     "~  <-  Bin  6'  sin  A 

_COB  g+COflJ.C06.g. 

"~         Bin  ^  Bin  B        ' 


Bin  a :  nn  /? :  sin  7  =:  sin  ^  :  Bin  ^  :  sin  O. 

The  relationB  between  the  angles  a,  0, 7,  and  the  angles  /t,  v,  etc.,  are  as 
follows: 


tan/3 


sin  (/)  —  p')         sin  («■  —  w")  ' 

2  ein  ja  Bin  /t'  _  2  sin  y  sin  y* 
~  sin  (/t  —  /*')         sin  (v  —  v') " 

2  sin  T  sin  t'       2  sin  <r  sin  o^ 


'        sin  (t  —  t')  sin  (<r  —  o-')  ' 

0  +  X  +  p=)3  +  /t  +  F  =  7  +  <7-  +  T  =  180"*. 


The  relations  between  X^  P",  Z,  and  4,  ^,  ^,  and  y,,  v,  etc.,  are  given 
by  the  following  formulas,  in  which  the  sum  and  difference  of  X  and  Y, 
etc.,  are  palculated,  and  from  them  the  angles  X,  T,  eia.,  themaelTes  are 
obtained : 

"  '  COS  Kp  +  rt 


tmHX-Y)  =  wl  iO 


sin  Kp  -  /.) 
Bin  Kp  +  rt' 


tan  J(X+  Z)  =  cot  14  ,  ?"*''-''> 
•in  l(.r  +  ») 
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COB  !F+  COB  XoOfl  C                          COS  Z  +  COB  XcOB-4. 
COB  U>  =  ; ^— ; 75 •      COB  V  =  : ^^^-. 3 • 

'^  Bin  X  Bin  C/       '  BinXsinJ. 

__  COB  X+  COB  T"C0B  G  COB  Z  +  COB  y  COS  £ 

COB  p  —  "i^-    •       >-«  f      COB  TT  —  •       "«>-    •      •*>     ^"^  • 

'^  Bin  jT  Bin  C/        '  Bin  x  BinjB 

COB  JT  +  COB  ZCOB  J.  COS  y+ COS  Z  COB -ff 

COB  a  = ; — gr— ; — 3 %     COB  t  = ; — y^—, — g b 

Bin  Z  Bin  J.        '  Bin  Z  Bin  ^ 

Further,  sin  X :  sin  7=  sin  p  :  sin  fi, 

sin  y :  sin  Z  =  Bin  r  :  sin  tt. 
sin  Z :  Bin  X  =  sin  1^ :  Bin  a. 

The  following  equations  give  the  relations  of  the  angles  /i,  v^  p,  etc.,  to 
the  axes  and  axial  angles : 

asin  fi          .                 0  sin  B 
tan  /i  = ^—s ;    tan  1/  = ^--3. 

S  sin  a  o%m  a 


tan  p  = ? ;    tan7r  =  Y — 

'^      0  —  6  cos  a  ^  — 


ccoB  a 


a  sin  7  ,  S  Bin  7 

tan  r  =  y ^ —  ;    tan  cr  =  ^ — '- — . 

0  —  acoB7'  a  — dcoB7 

Also,  sin  r  :  sin  cr  =  <{  :  2, 

Bin  p  :  sin  TT  =  2  :  4 
Bin  y :  sin  /i  =  cl :  ^. 
For  any  form  »*-n> 

f/i-AAi-i  =  180*'-  T\  m^n^i^^z=l  180°— X;  m^AO  =  180«^— Z. 

For  a  vertical  hemiprism,  X+  Y+  O  =  180®, 

^  :  J  =  sin  y  •  sin  a  :  Bin  X :  sin  fi. 

For  a  macrodiagonal  hemidome,  Y+Z  +  ^  =  180% 

d:i=^An  y.  sin  a  :  sin  Z •  sin  7. 

For  a  brachydiagonal  hemidome,  X+Z+-4  =  180**, 

2  :  (f  =  sin  X  sin  )3  :  sin  Z  sin  7. 

By  writing  mo  for  c,  nb  for  J,  etc,  these  formulas  will  answer  also  for 
the  determination  of  m  and  n.  It  is  supposed  in  the  above  that  the 
measured  edge  is  parallel  to  the  axis  of  the  given  hemiprism,  etc;  when 
this  is  not  the  case  the  relations  are  a  little  less  simple. 
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Mbasubement  of  the  Angles  of  Cbystals. 

The  angles  of  cr}^8tals  are  measured  by  means  of  instruments  which  aie 
called  goniometers. 

The  simplest  form  of  these  instruments  is  the  hand-goniometer,  repre- 
sented in  f.  260.    It  consists  of  an  arc,  graduated  to  half  degrees,  or  finer, 
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and  two  movable  arms.  In  the  instrument  figured,  one  of  the  arms,  ao^ 
has  the  motion  forward  and  backward  by  means  of  slits  gh^  ik ;  the  otlier 
arm,  od^  has  also  a  similar  slit,  and  in  addition  it- turns  around  the  centre  of 
the  arc  as  an  axis.  The  planes  whose  inclination  is  to  be  measured  are 
applied  between  the  arms  ao^  co^  and  the  latter  adjusted  so  that  they  and 
the  surfaces  of  the  planes  are  in  close  contact  Inis  adjustment  must  be 
made  with  care,  and  when  the  instrument  is  held  up  to  the  light  none  must 
pass  through  between  the  arm  and  the  plane.  The  number  of  degrees  read 
oflF  on  the  arc  between  k  and  the  left  edge  of  ^  (this  edge  ])eing  in  the  line 
of  the  centre,  <?,  of  the  arc)  is  the  angle  required.  The  motion  to  and  fro  by 
means  of  the  slits  is  for  the  sake  of  convenience  in  measuring  small  or 
imbedded  crystals.  In  a  much  better  form  of  the  instrument  tlie  arms  are 
wholly  separated  from  the  arc ;  and  the  arc  is  a  delicately  graduated  circle 
to  which  the  anns  are  adjusted  after  the  measurement. 

The  hand-goniometer  is  useful  in  the  case  of  large  crystals,  and  those 
whose  faces  are  not  well  polished  ;  the  measurements  with  it,  liowever,  are 
seldom  within  a  quarter  or  a  degree  of  accuracy.  In  the  finest  specimens 
of  crystals,  where  the  planes  are  smooth  and  lustrous,  results  lar  mora 
accurate  may  be  obtained  by  means  of  a  different  instrument,  called  the 
reflecting  goniometer. 

Reflecting  Goniometer. — This  instrument  was  devised  by  Wollaston,  in 
1809,  but  it  has  been  much  improved  in  its  various  parts  since  his  time, 
especially  by  Mitscherlich.  The  principle  on  which  it  is  constructed  may 
bo  understood  by  reference  to  the  following  figure  (f.  261),  which  repre* 
•cuts  a  crista),  whose  angle,  ahc^  is  required. 

The  eye  at  P,  looking  at  the  face  of  the  crystal,  hc^  observes  a  reflected 
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image  oi  m,  in  the  diieution  of  Pn.  The  crystal  may  now  be  so  changed  in 
its  position,  that  the  same  image  is  seen  reflected  by 
the  next  face  and  in  the  same  direction,  Pn.  'To 
effea  this,  tiie  crystal  nmet  be  turned  aroand,  until 
abd  has  tiie  present  dij-ectioii  of  bo.  The  angle  dbc, 
measures,  tlierofore,  the  nnmber  of  degrees  tnrongh 
which  the  crystal  must  be  turned.  But  Sic,  subtracted 
from  180°,  equals  the  required  angle  of  the  crystal, 
ode.     The  crystal  is,  therefore,  passed  in  its  revolution 

through  an  angle  vliich  is  the  supplement  of  the  reijuired  angle.    Thia 


angle  evidently  may  be  measnred  by  attaching  the  crystal  to  a  gradnatod 
circle,  which  should  tuni  with  the  uryetal. 

The  accompanying  cut  (f.  262)  represents  a  reflecting  goniometer  made 
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by  Oertling,  in  Berlin.  It  will  suffice  to  make  clear  the  general  character 
01  the  instrument,  as  well  as  to  exhibit  some  of  the  refinements  added  for 
the  sake  of  greater  exactness. 

The  circle,  O^  is  graduated,  in  this  case,  to  twenty  minutes,  and  by  means 
of  the  vernier  at  v  the  readings  may  be  made  to  minutes  and  half  min- 
utes. The  crystal  is  attached  by  means  of  wax  to  the  little  plate  at  k ; 
this  may  be  removed  for  convenience,  but  in  its  final  position  it  is,  as  here, 
at  the  extremity  of  the  axis  of  the  instniment.  This  axis  is  moved  by 
means  of  the  wheel,  n ;  the  graduated  circle  is  moved  by  the  wheel,  w. 
These  motions  are  so  arranged  that  the  motion  of  n  is  independent,  its  axis 
being  within  the  other,  whue  on  the  other  hand  the  revolution  of  m  moves 
both  the  circle  and  the  axis  to  which  the  crystal  is  attached.  This  ar- 
rangement is  essential  for  convenience  in  the  use  of  the  instrument,  as 
will  be  seen  in  the  coui-se  of  the  following  explanation. 

The  screws,  c,  rf,  are  for  the  adjustment  of  the  crystal,  and  the  slides, 
a,  J,  serve  to  centre  it. 

The  method  of  procedure  is  bi-iefly  as  follows  :  The  crystal  is  attached 
by  means  of  suitable  wax  at  A,  and  adjusted  so  that  the  direction  of  the 
combination-edge  of  the  two  planes  to  be  measured  coincides  with  j;he  axis 
of  the  instrument ;  the  wheel,  n,  is  turned  until  an  object  {e,g,^  a  window- 
bar)  reflected  in  one  plane  is  seen  to  coincide  with  another  object  not 
reflected  (tf.y.,  a  chalk  line  on  the  floor),  the  position  of  the  graduated  circle 
is  observed,  and  then  both  crystal  and  circle  revolved  together  by  means 
of  the  wheel,  w,  till  the  same  reflected  object  now  seen  in  the  second  plane 
again  coincides  with  the  fixed  object  (that  is,  the  chalk  line) ;  the  angle 
through  which  the  circle  has  been  moved,  as  read  off  by  means  of  3ie 
vernier,  is  the  supplement  angle  between  the  two  planes. 

In  order  to  secure  accuracy,  several  conditions  must  be  fulfilled,  of 
which  the  following  are  the  most  important : 

1.  The  position  of  the  eye  of  the  observer  must  remain  perfectly 
stationary. 

2.  The  object  reflected  and  that  with  which  it  is  brought  in  coincidence, 
should  be  at  an  equal  distance  from  the  instrument,  and  this  distance 
should  not  be  too  small. 

3.  The  crystal  must  be  accurately  adjusted ;  this  is  so  when  the  line 
seen  reflected  in  the  case  of  each  plane  and  that  seen  directly  with  which 
it  is  in  coincidence  are  horizontal  and  parallel.  It  can  be  true  only  when 
the  intersection  edge  of  the  two  planes  measured  is  exactly  in  the  direction 
of  the  axis  of  the  mstrument,  and  perpendicular  to  the  plane  of  the  circle. 

4.  The  crystal  must  be  centered  as  nearly  as  possible,  or,  in  other  words, 
the  same  intersection -edge  must  coincide  with  a  line  drawn  through  the  re- 
volving axis.  This  condition  will  be  seen  to  be  distinct  from  the  preced- 
ing, which  required  only  that  the  two  directions  should  be  tlie  same.  The 
error  arising  when  this  condition  is  not  satisfied  diminishes  as  the  object 
reflected  is  removed  farther  from  the  instrument,  and  becomes  zero  if  the 
object  is  at  an  infinite  distance. 

The  first  and  second  conditions  are  both  satisfactorily  fulfilled  by 
the  use  of  a  telescope,  as  ty  f.  262,  with  slight  magnifying  power.  This 
id  arranged  for  parallel  light,  and  provided  with  spider  lines  in  its 
focus.      It  admits  also  of  some  adjustments,  as  seen  m  the  figure,  but 
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when  used  it  tnnst  be  directed  exactly  toward  the  axis  of  the  goniometer. 
This  telescope  has  also  a  little  magnifying  glass  {g,  f.  262)  attached  to  it, 
which  allows  of  the  crystal  itself  being  seen  when  mounted  at  k.  This 
latter  is  used  for  the  tirst  adjustments  of  both  planes,  and  then  slipped 
aside,  when  some  distant  object  which  has  been  selected  must  be  seen 
in  the  field  of  the  telescope  as  reflected,  first  by  the  one  plane  and 
then  by  the  other  as  the  wheel  n  is  revolved.  When  the  final  aajustments 
have  been  made  so  that  in  each  case  the  object  coincides  with  the  centre  of 
the  spider-cross  of  the  telescope,  and  when  further  the  edge  to  be  measured 
has  been  centered,  the  crvstafis  ready  for  measurement. 

This  telescope,  obviously,  can  be  used  only  when  the  plane  is  smooth  and 
large  enough  to  give  distinct  and  brilliant  reflections.  In  many  cases 
sudicient  accuracy  is  obtained  without  it  by  the  use  of  a  window-bar  and 
a  white  chalk  line  on  the  floor  below  for  the  two  objects ;  tlie  instrument  in 
this  case  is  placed  at  the  opposite  end  of  the  room,  with  its  axis  parallel  to 
the  window  ;  the  eye  is  brought  very  close  to  the  cr)^stal  and  held  motionless 
during  the  measurement. 

The  best  instruments  are  provided  with  two  telescopes.  The  second 
stands  opposite  the  telescope,  t  (see  figure),  the  centres  of  both  telescopes 
being  in  the  same  plane  perpendicular  to  the  axis  of  the  instrument. 
This  second  telescope  has  also  a  hair  cross  in  the  focus,  and  this,  when 
illuminated  by  a  brilliant  gas  burner  (the  rest  of  the  instrument  being 
protected  from  the  light  by  a  screen)  will  be  reflected  in  the  successive 
faces  of  the  crystal.  The  reflected  cross  is  brought  in  coincidence  with  the 
cross  in  the  firat  telescope,  first  for  one  and  then  for  the  other  plane.  As 
the  lines  are  delicate,  and  as  exact  coincidence  can  take  place  only 
after  perfect  adjustment,  it  is  evident  that  a  high  degree  of  accuracy  is 
possible. 

Still  more  than  before,  however,  are  well-polished  crystals  required,  so 
that  in  the  majority  of  cases  the  use  of  the  ordinary  double  telescopes  is 
impossible.  Very  often,  however,  the  second  telescope  may  be  advantage- 
ously replaced  by  another  having  an  adjustable  slit  in  its  focus,  as  proposed 
by  Websky,  allowing  of  being  made  as  narrow  as  is  convenient ;  or,  as  sug- 
gested by  Sc^hrauf,  the  spioer-lines  of  the  second  telescope  may  be  re- 
placed by  a  piece  of  tin-foil,  in  which  two  fine  cross  lines  have  been  cut; 
these  are  illuminated  by  a  gas-burner.  By  these  methods  the  refiected 
object  is  a  bright  line  or  cross,  instead  of  tne  dark  spider-lines,  and  it  is 
visible  in  the  nrst  telescope  even  when  the  planes  are  extremely  minute, 
or,  on  the  other  hand,  somewhat  rough  and  uneven  ;  the  image  is  naturally 
not  perfectly  distinct,  but  sufticienth'  so  to  admit  of  good  measurements 
{e,g.y  within  two  or  three  minutes). 

The  third  and  fourth  conditions  are  the  most  diflicult  to  fulfil  absolutely. 
In  the  cheaper  instruments  the  contrivance  to  accomplish  the  end  often 
consists  of  a  jointed  ann  so  placed  as  to  have  two  independent  motions  at 
right  angles  to  each  other.  In  the  best  instruments  the  greatest  care  and 
attention  is  paid  to  this  point,  and  a  great  variety  of  ingenious  contrivances 
have  been  devised  to  overcome  the  various  practical  difficulties  arising. 

The  cut  (f.  262)  shows  one  of  these  in  its  simpler  form.  The  crystal  is 
approximately  adjusted  by  the  hand,  and  then  tne  operation  completed  by 
means  of  the  screws  c  and  d.     These  give  two  motions  at  right  angles  tc 
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each  other,  and  the  arrangement  is  such  that  the  motions  are  made  on  the 
sarface  of .  a  spherical  segment  of  which  the  crystal  itself  occupies  the 
centre,  so  that  it  is  not  thrown  entirely  ont  of  the  axis  of  the  instrument 
by  the  motions  of  the  screws.  The  adjustment  having  been  accurately 
made,  the  edge  is  centered  by  means  of  two  sliding  carriages,  a,  J,  moving 
at  right  angles  to  each  other ;  here  they  are  moved  by  hand,  but  in  better 
instruments  by  fine  screws.  The  edge  must  be  first  centered  as  carefully  as 
practicable,  then  the  complete  adjustments  made,  and  finally  again  centered, 
as  before,  to  remove  the  excentricity  caused  by  the  movement  of  the  ad- 
justment screws.  The  snccessful  use  of  the  most  elaborate  instruments  is 
only  to  be  attained  after  much  patient  practice. 

Theoretical  discussions  of  the  various  errors  arising  in  measurements  and 
the  weight  to  be  attached  to  them  have  been  given  by  Kuppfer  (Preis- 
schrift  tiber  genaue  Messung  der  Winkel  an  Krystallen,  1825),  also  by 
Nanmann,  Grailich,  Schrauf,  and  others  (see  literature,  p.  iv). 

It  has  been  stated  that  when  the  two  planes  have  been  adjusted  in  the 
goniometer  so  that  their  combination-edge  is  parallel  to  the  axis  of  the 
instrument,  the  reflections  given  by  them  will  be  parallel.  It  is  evident 
from  this  that  any  other  planes  on  the  crystal  which  are  in  the  same  zone 
with  the  two  mentioned  planes  will  also  give,  as  the  circle  is  revolved, 
reflections  parallel  to  these.  This  means  gives  the  test  referred  to  on 
p.  53,  leading  on  the  one  hand  to  the  discovery  of  zones  not  indicated  by 
parallel  intersections,  and  on  the  other  hand  showing,  in  regard  to  supposed 
zones,  whether  they  are  so  in  fact  or  not. 

The  degree  of  aoonraoy  and  oonstancj  in  the  angles  of  crystals  as  they  are  given  by  nature 
is  an  important  snbjeot.  GrystaUography  as  a  scienoe  is  based  upon  the  assumption  that  the 
forms  made  by  nature  are  perfectly  aocurate,  and  whenever  exact  measurements  are  possible, 
Buppoeing  the  crystals  to  have  been  free  from  disturbing  influences,  it  has  been  found  that 
this  assumption  is  warranted  by  the  facts ;  in  other  words,  the  more  accurate  the  measure- 
ments the  more  closely  do  the  angles  obtained  agree  with  those  required  by  theory.  An 
example  may  illustrate  this : — On  a  crystal  of  sphalerite  (zinc-blende),  from  the  Binnenthal, 
exact  measurements  were  made  by  Kokscharow  to  test  the  point  in  question.  He  found  foe 
the  angle  of  the  tetrahedron  70°  81'  48',  required  TO''  31'  44* ;  for  the  octahedral  angle 
100'  27  42%  required  109'  28'  16'-  and  for  the  angle  between  the  tetrahedron  and  cube 
125*  15'  52\  required  125°  15'  52'.  The  crystallographio  works  of  the  same  author,  as  weU 
as  those  of  many  other  workers  in  the  same  field,  contain  many  illustrations  on  the  same 
subject.  At  the  same  time  variations  in  angle  do  occasionally  occur,  from  a  change  in 
chemical  composition,  and  from  various  disturbing  causes,  such  as  heat  and  pressure  (see 
further,  p.  107).  Further  than  this,  it  is  universally  true  that  exact  measurements  are  la 
comparatively  few  cases  possible.  Many  crystals  are  large  and  rough,  and  admit  of  only 
approximate  results  with  the  hand  goniometer;  others  have  faces  which  are  more  or  lest 
polished,  but  which  give  uncertain  reflections.  This  is  due  in  some  cases  to  striations,  fn 
others  to  the  fact  that  the  surfaces  are  curved  or  more  or  less  covered  with  markings  or 
etchings,  like  those  common  on  the  pyramidal  planes  of  quartz.  In  all  such  cases  there  is  • 
greater  or  less  discrepancy  between  the  measured  and  oalcnlated  angles. 

The  important  point  to  be  noted  always  is  the  degree  of  accuracy  attainable*,  or,  in  other 
words,  the  probable  error.  The  true  result  to  be  accepted  is  always  to  be  obtained  by  the^ 
discussion  of  aU  the  measurements  in  accordance  with  the  methods  of  least  squares.  This 
method  involves  considerable  labor,  and  in  most  cases  it  is  sufficient  to  take  the  arithmetical 
mean,  noting  what  degree  of  weight  is  to  be  attached  to  each  measurement.  It  is  to  be  noted 
that  where  measurements  vary  largely  the  probable  error  in  the  mean  accepted  will  be  con- 
■iderable ;  moreover  an  approximate  measurement  may  not  be  the  more  accurate  because  it 
happen»  to  agree  closely  with  the  theoretical  angle. 

For  the  determination  of  the  symbols  of  planes,  measurement  accurate  within  80',  or  even 
1^,  are  generally  sufficient 

When  planes  are  rough  and  destitute  of  lostre  the  angles  can  best  be  obtained  with  th« 
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reflactm^  KOiiiomet«r,  the  refleaUons  of  the  light  from  an  object  like  ft  CMidle-flame,  balnf 
taken  in  place  of  more  dUtinot  imitgel. 

For  imbedded  crystals,  and  often  in  other  oasas,  meaaaiements  m^  be  tbi;  adnmtage- 
ooslf  made  from  ImpreaaioiiH  in  BOme  material,  like  aealing-wax.  Aagiea  tbtu  obtained  ought 
to  be  accurate  within  one  degree,  and  snffloe  for  many  purposes.  It  is  sometimes  of  adTui- 
toge  to  attach  to  the  plane*  to  be  measured,  when  quite  rough,  fragments  of  thin  glaas,  tiom 
which reBections  can  be  obtained;  thia  must,  howevec,  be  done  with  oare,  to  aroid  ooiuidei- 


COMPOUND,   OR  TWIN  CHYSTAI^. 

Twm  OBTBTALB  are  those  in  wliich  one  or  more  parte  regularly  arrraneed 
are  in  reverse  position  with  reference  to  the  other  part  or  parts.  Tney 
often  appear  esternallT  to  consist  of  two  or  more  crystals  aymraetrically 
united,  and  some  limes  nave  the  form  of  a  cross  or  star.  They  also  exhibit 
the  composition  in  the  reversed  arrani^ement  of  part  of  the  planea,  in  t]ie 
Btriee  of  the  surface,  and  in  re-entering  iingles ;  in  other  cases  the  compoand 
structure  is  detected  only  by  polarized  light  The  following  figures  are 
examples  of  tlie  simpler  kinds.     Fig.  263  is  a  twinned  octahedron  with 


re-entering  angles.  Fig.  263a  represents  the  regular  octahedron  divided 
into  two  halves  by  a  plane  parallel  to  an  octahedral  face  ;  the  revolving  of 
the  upper  half  around  180°  produces  the  twinned  form.  Fig.  264  consisis 
of  a  square  prism,  with  pyramidal  terminations,  twinned  parallel  to  a 
diagonal  plane  between  opposite  solid  angles,  as  illustrated  in  f.  264a, 
a  representation  of  the  simple  form.  A  revolution  of  one  of  the  two 
halves  of  f.  264a  180°  about  an  axis  at  right  angles  to  the  diagonal  plane 
outlined  in  the  figure,  would  produce  the  form  in  fie,  264. 

Crystals  which  occupy  parallel  positions  with  reference  to  Mch  other, 
that  IS,  those  whose  similar  axes  and  planes  are  parallel,  are  not  properly 
called  twins  ;  the  terin  is  applied  only  where  the  crystals  are  united  in  their 
reversed  position  in  accordance  with  some  deducible  mathematical  law.  In 
conceiving  of  them  we  imagine  first  the  two  individnals  or  portions  of  the 
same  individual  to  be  in  a  parallel  position,  and  then  a  revolution  of  180° 
to  take  phice  about  a  certain  line,  as  axis,  which  will  bring  them  into  the 
twinning  position. 

An  exception  to  the  principle  in  regard  to  parallel  axes  is  afforded  In  the  oue  of  hemllie- 
dralcrjBtalB.  in  Home  of  which  a  mvolntion  of  180°  has  the  etteotot  piiidnaag  itiaf^Vttitis 
Ikolobeilral  foim,  the  axes  of  the  parts  retolTed  remaining  patalleL 
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In  some  oasca  I4.g..  heitgaaal  forms],  krerolatiou  ol  60"  iroald  prodnoe  the  Iwinned 
larm,  bat  in  treating  of  the  sabject  it  is  b«tt«r  to  make  tbe  noltona  assumption  of  a  tevola- 
tioQ  of  i>M',  which  will  anBwerin  all  oases. 

It  ia  not  to  be  soppoaad  th»t  twins  bare  aotnallf  been  fonnad  bj  anoh  a  revolntioD  of  tha 
pacbi  ol  ciTStals,  foi  the  twin  Is  the  result  of  regular  molecular  gtowth  or  enlargement,  Uk« 
titat  of  tbe  simple  orystaL  This  reference  to  a  rtvoluiion,  and  an  osii  of  Ttcoiution,  is  only 
A  eonTOolent  means  of  desoiibing  the  forms.  But  while  this  is  true,  it  is  important  to  ot>- 
eerre  that  the  lauf  dadnoed  to  explain  tbe  twinnintc  of  a  crystal  have,  from  a  molecnlu 
standpoint,  a  real  existenoe.  The  measarementa  of  Sohranf  on  twins  of  oenusite  (Tsoh. 
Uin.  ifitch.,  1678,  209)  show  the  complete  aorreapondance  between  the  actual  angles  and 
thoM  requirad  in  aooordance  with  Che  law  o(  twiumng. 

Twinning  cueis. — The  line  or  axis  about  which  the  revohition  of  180°  ia 
mppoeed  to  take  place  is  called  the  twinitiiig-axis  (ZwilllDgeaxe,  Genn.), 
or  axis  of  revolution. 

The  following  law  hae  been  dednced  in  regard  to  this  axis,  npon  which 
the  theory  of  the  whole  sabject  depends : 

The  twinning  axiB  is  alwajs  a  possible  crjstallographic  line,  usually 
either  an  axis  or  a  normal  to  some  possible  crystalline  plane. 

Twinninff-plans.— The  plane  normal  to  the  axis  of  revolution  is  called 
the  twinuing-plane  (Zwillingsflache,  Genn.).  Tlie  axis  and  plane  of  twin- 
ning bear  the  same  relation  to  both  individuals  in  tbeir  reversed  position  ; 
consequently  (except  in  some  of  hemihedral  and  triclinic  forms)  the  twin- 
ned crystals  are  symmetrical  with  reference  to  the  twiuniug-plane, 

Cotnpoaition^plant. — The  plane  by  which  the  reversed  crystals  are  united 
is  the  composition'plane  or  -face  (Zusammensetzungsflache,  Oerm.).  This 
and  the  twinning-plane  very  commonly  coincide ;  this  is  true  of  the  simple 
examples  given  above  (f.  263,  364)  where  the  plane  about  which  the  revolu- 
tion is  conceived  as  having  taken  place  (normal  to  tlie  twiiming  axis),  and 
the  plane  by  which  the  semi-individuals  are  united,  are  identical.  When 
not  coinciding  the  two  planes  are  generally  at  right  angles  to  each  other, 
that  is,  tlie  composition  face  is  parallel  to  the  axis  of  revolution.  Examples 
of  this  are  given  beyond  (p.  99).  Still  again,  where  the  crystals  are  not 
re^nlarly  developed,  and  where  they  interpenetrate,  and,  as  it  were,  exer- 
cise a  disturbing  influence  npon  each  other,  the  contact  surface  may  be 
interrupted,  or  may  be  exceedingly  irregular.  In  such  cases  the  axis  and 
plane  of  twinning  have,  as  always,  a  dehnite  position,  but  the  composition* 
tace  has  lost  its  significance. 

Thus  in   quartz    the  interpenetrating  parts  have  *W 

often  no  rectilinear  boundary,  but  mingle  in  the  most 
irregular  manner  throughout  the  mass,  and  showmg 
this  composite  irregulanty  by  abrupt  variations  of  the 
planes  at  the  surface.  Fig.  265  exhibits  by  its  shaded 
part  the  parts  of  the  plane  —  1  that  appear  over  the 
anrface  of  the  plane  S,  owing  to  the  interior  composi 
tiffli.  This  internal  structure  of  quartz,  found  in  almost 
■U  quartz  crystals,  even  the  common  kinds,  is  well 
brooght  out  by  muana  of  polarized  light ;  also,  by 
otching  with  hydrofluoric  acid,  the  piano  —  1  and  M 
becommg  etched  unequally  on  the  same  amount  of 
exposure  to  the  acid. 

The  twinning-plane  in,  with  rare  exceptions,  a  poe-  ' 

bible  occurring  plane  oo  the  given  species,  and  usually  one  of  the  mor* 
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frequent  or  fundamental  planes.  The  exceptions  occur  only  in  the  triclinic 
and  monoclinic  systems,  where  the  twinning  axis  is  sometimes  one  of  the 
oblique  crystallographic  axes,  and  then  the  plane  of  twinning  normal  to  it 
is  obviously  not  necessarily  a  crystallographic  plane,  this  is  conspicuous  in 
albite.  In  these  cases  the  composition-face  is  often  of  more  sis^nificance 
than  the  twinning-plane,  the  former  being  distinct  and  parallel  to  the 
axis,  in  accordance  with  the  principle  stated  above. 

With  reference  to  the  composition-face,  the  twinning  may  be  described  as  taking  place  (1) 
by  a  revolution  on  an  axis  at  right  angles  to  the  composition-face,  (2)  on  an  aads  paxanel 
to  it  and  vertical,  (8)  by  an  axis  parallel  to  it  and  horizontal;  whether  the  revolatioii 
takes  place  with  the  right  or  left  half  of  the  crystal,  the  twin  is  right-  or  left-handed. 

One  further  principle  is  of  theoretical  importance  in  the  mathematical 
explanation  of  the  forms.  The  twinning  axis  may,  in  many  cases,  be  ex- 
changed for  another  line  at  right  angles  with  it,  a  revolution  about  which 
will  also  satisfy  the  conditions  of  producing  the  required  form.  An  exam- 
ple of  this  is  furnished  by  f.  318,  of  orthoclase ;  the  composition-face  is 
parallel  to  i-i,  the  axis  of  revolution  also  parallel  to  this  plane,  and  (a)  nor- 
mal to  i-i,  which  is  then  consequently  the  twinning-plane,  though  the  axis 
does  not  coincide  with  the  crystallographic  axis,  or  (J)  it  may  coincide  with 
the  vertical  axis,  and  then  tne  twinning-plane  normal  to  it  is  not  a  crvs- 
tallographic  plane.  In  other  simpler  cases  also,  the  same  principle  holds 
good,  generally  in  consequence  of  the  possible  mutual  interchange  of  the 
planes  of  twinning  and  composition.  In  most  cases  the  true  twinning-plane 
is  evident,  since  it  is  parallel  to  some  plane  on  the  crystal  of  simple  mathe- 
matical ratio. 

An  interesting  example  of  the  above  principle  is  famished  by  the  species  stanroliie. 
Fig.  307,  p.  98,  shows  a  prismatic  twin  observed  by  the  anther  among  crystals  from  Fannin 
Co.,  Ga.     The  measured  angle  for  %-i  A  i-i'  was  70^  80' ;  the  twinning-axis  deduced  from 

this  may  be  the  normal  to  the  plane  »-^,  which  would  then  be  the  twinning-plane.  Instead 
of  this  axis,  its  complementaiy  axis  at  right  angles  to  it  may  be  taken,  which  will  equaUy 

well  produce  the  observed  form.  Now  in  this  species  it  happens  that  the  planes  t-3  and  >-^ 
(over  i-i)  are  almost  exactly  at  right  angles  (90**  8')  with  each  other,  and  hence,  according  to 
this  latter  supposition,  t-S  becomes  the  twinning-plane,  and  the  axis  of  revolution  is  normal 

to  it  Hence,  either  i-^  or  i-3  may  be  the  twinning-plane,  either  supposition  agrees  closely 
with  the  measured  angle,  which  could  not  be  obtained  with  great  accuracy.     The  former 

method  of  twinning  (t-^)  conforms  to  the  other  twins  observed  on  the  species,  and  hence  it 
may  be  accepted.  What  is  true  in  this  case,  however,  is  not  always  true,  for  it  wiU  seldom 
happen  that  of  the  two  complementary  axes  each  is  so  nearly  normaj  to  a  plane  of  the  crystaL 
In  most  cases  one  of  the  two  axes  conforms  to  the  law  in  being  a  normal  to  a  possible  plane, 
and  the  other  does  not,  and  hence  there  is  no  doubt  as  to  which  is  the  true  twinning  axis. 

Contact-twins  and  Penetration-twins. — In  contact-twins,  when  normally 
formed,  the  two  halves  are  simply  connate,  being  united  to  each  other  by 
the  composition-face;  this  is  illustrated  by  f.  263,  264.  In  actually  occur- 
ring crystals  the  two  parts  are  seldom  symmetrical,  as  demanded  by  theory, 
but  one  may  preponderate  to  a  greater  or  less  extent  over  the  other:  in 
some  cases  only  a  small  portion  oi  the  second  individual  in  the  i^evei-sed 
position  inav  exist.  Very  great  irregularities  are  observed  in  nature  in  this 
respect.  Moreover,  the  re-entering  angles  are  often  obliterated  by  the  ab- 
normal developments  of  one  or  other  of  the  parts,  and  often  only  an  indiB- 
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tinct  line  on  some  of  the  faces  marks  the  division  betn'een  the  two 
iadividiials. 

Penetration4u>in8  are  those  in  which  two  or  more  ooraplete  crystals 
interpenetrate,  as  it  were  ci'oegiiis  throngh  each  other.  Normally,  the 
urTStals  have  a  common  centi-e,  which  is  the  centre  of  the  axial  system  fc 
both ;  practically,  however,  as  in  contact-twins,  groat  irregularities  occur. 

Examples  of  these  twins  are 
given  iu    the  annexed    figures,  286  307 

f.  266,  (if  flnorite,  and  f.  26T,  of 
hematite.  Other  examples  occur 
in  the  pases  following,  as,  for 
instance,  of  the  species  stanrolite, 
f.309to312,thecryatala  of  which 
eometimefl  occnr  in  natnre  witli 
alm<»t  the  perfect  symmetry  de- 
manded by  theory.  It  is  obvi- 
ous that  tlie  distinction  between  ™.  -.  „ 
contact  and  peneC ration-twins  la 

not  a  very  important  one,  and  tlie  lino  cannot  always  be  clearly  drawc 
between  them. 

jParagenia  and  Metagenta  twijis. — The  distinction  of  paragenic  and 
metii^nic  twins  belongs  rather  to  crystallr^ny  than  crystallography.  Tet 
tlie  rttrms  are  often  bo  obviously  distinct  that  a  brief  notice  of  the  dis- 
tinction is  important. 

In  ordinary  twins,  the  compoond  stnictnre  had  its  beginning  in  a  nucleal 
compound  molecule,  or  was  compound  in  its  very  origin  ;  and  whatever 
inequalities  in  the  result,  these  arc  only  irregularities  in  the  development 
from  such  a  nucleus.  But  in  others,  the  crystal  was  at  first  simple  ;  and 
afterwards,  through  some  change  in  itself  or  in  the  condition  of  the  mate- 
rial supplied  fur  its  increase,  received  new  layera,  or  a  continuation,  in  a 
reversed  position.  This  mode  of  twinning  is  inetagenic,  or  a  result  subse- 
quent to  the  origin  of  the  crystal ;  while  the  ordinary 
mode  is  paragenic.  One  form  of  it  is  illustrated  in 
f.  268.  The  middle  portion  had  attained  a  length 
of  half  an  inch  or  more,  and  then  became  genicii- 
lated  simaltaneously  at  either  extremity.  Tliese 
geniculatioDs  are  often  repeated  in  nitile,  and  the 
ends  of  the  crystal  are  tlios  bent  into  one  another,  and 
occasionally  produce  nearly  regular  prismatic  forms. 

This  met^;euic  twinning  is  sometimes  presented 
by  the  snccrasive  layers  oi  deposition  iu  a  crystal, 
as  in  some  quartz  crystals,  especially  amethyst,  the 
inseparable  layers,  exceedingly  thin,  being  of  oppo- 
site Kinds.  So  calcite  crystals  are  sometimes  made 
up  of  twinned  layers,  which  are  due  to  an  oscillatory  Bntile. 

process  of  twinning  attending  the  progi-ess  of  the 

crystaL  la  a  Biinilar  maimer,  crystals  of  the  tricllnic  feldspars,  albite, 
etc,  are  often  made  up  of  thin  plates  parallel  to  i-i,  by  oscillatory  compo- 
sition, and  the  face  0,  accordingly,  is  finely  striated  parallel  to  the  eag« 
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Sweated  twinning. — In  the  preceding  paragraph  one  case  of  repeated 
twinning  lias  been  mentioned,  that  of  the  feldspai-B ;  it  is  a  case  of  ^rdJlA 
repctitiun  or  parallel  grouping  of  the  Biiuceasive  crystaifl.  Another  kind  is 
that  which  18  illnstrated  by  f.  295,  297,  311,  where  the  euccessively 
roverfied  individnals  are  not  parallel.  In  this  case  the  axes  may,  however, 
lie  in  a  zone,  as  the  prismatic  twine  of  aragooite,  or  they  may  be  inclined 
to  eiicli  other,  as  in  f,  311,  of  stanrotite.  In  all  such  cases  where  the  repeti- 
tion of  the  twinning  tends  to  pi-oduce  circular  forms,  as  f.  281,  of  riitile,  the 
number  of  individuals  is  equal  to  the  number  of  times  the  angle  between 
the  two  axial  syBtems  is  contained  iu  360°.  For  example,  five-fold  twins 
occur  in  the  tetrahedixms  of  gold  and  sphalerite,  since  5  x  70°  32'  (the  tetra- 
hedml  angle)  =  360°  (approx.l.  A  compound  crystal,  when  there  are  three 
individuals,  is  called  a  TrUhng  (Drilling,  Oenrt.),  where  there  are  four 
individuals,  a  Fourling  (Vierling,  Qerm.),  etc. 

Compound  crystals  in  which  twinning  exists  in  accordance  with  two  laws 
at  once  are  of  rare  occurrence ;  an  excellent  example  is  afforded  by  atanro- 
lite,  f.  312.  They  have  altto  been  observed  on  albite  (f.  333),  orthoclase, 
chalcocite,  and  in  other  less  distinct  cases. 


Meamplea  of  different  methodt  of  Tvrinning* 

IsoKETRio  System, — With  few  exceptions  the  twins  of  this  system  are  ol 
one  kind,  the  twinning  axis  an  octahedral  axis,  and  the  twinning  plane 
consequently  an  ootahedr<d  plane ;  in  most  cases  also  the  latter  coincides 


Qalenite.  Sphalerito.  Q*lemt«. 

with  the  composition-face.  Fig.  263  shows  this  kind  as  applied  to  tlie 
simple  octahedron,  it  is  especially  common  with  the  sniuel  group  of  mia- 
crala ;  similarly,  f.  269,  a  more  complex  form,  and  also,  f.  270,  a  dodeca- 
hedron twinned  ;  all  these  are  contact  twins.  Fig.  271  is  a  penetration 
twill  following  the  same  law ;  the  twinning  being  repeated,  and  the  form 
flultened  pai-allel  to  an  octahedral  face.     Fig.  266,  p.  91,  shows  a  twin  of 

*  A  oomplete  annmeration  of  the  different  methodi  o[  twinning  obserred  under  tba  dlffsr- 
mt  ^stanu,  irith  detailed  descriptjotu  ftnd  mui;  fignrea,  will  be  fonnd  in  To).  II.  of  Bow 
BadabMk'B  UijBtallognkpIijr  (Angewandte  Krjit«llogi^>lii«,  384  pp.,  8to,  BeiUn,  187S>. 
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flaorite,  two  interoenetrating  cabes ;  f.  372  exhibits  a  dodoealiedral  twin 
of  Bodalite  occomiif;  in  nature  of  alinoet  ideal  Bymmetty,  and  f.  273  is  a 
tetrafaedral  twin  of  tlie  species  tetrahedrite ;  the  same  law  ia  true  for  alL 


Fifffi.  274,  275,  276,  are  twins  whose  axes  are  parallel ;  thesn  foriiis  are 
possible  only  with  heiaihedral  crystaK  The  twinning  axis  is  here  a  dodo- 
caAedral  axis  and  the  twiuning  plane  a  dodeoahedral  plane.     The  same 


PjTito. 


Hagnetite. 


method  of  composition  is  often  seen  in  dendritic  crystallizationa  of  native 
gold  and  copper,  in  mhitli  the  angle  of  divergence  of  the  branches  is  60° 
and  120°,  the  interfacial  angles  of  a  dodecahedron.  The  bruwnish-black 
mineral  in  the  mica  from  Pennabury,  Fa.,  is  magnetite  in  this  form  (f.  277), 
as  first  observed  by  G.  J.  Brush. 

Tetkagonal  System, — The  moat  common  method  is  that  where  the  twin- 
ning-plane  Is  parallel  to  1-t.  It  is  especially  characteristic  of  rutile  and 
cassiterite.  This  is  illustrated  in  f.  264  and  similarly  in  f.  278.  Fig.  268 
shows  a  similar  twin  of  nitile,  and  in  f.  281  to  283  the  twinning  according 
to  this  law  is  repeated.  In  f.  2tJl  the  vertical  axes  of  the  successive  six 
individuals  lie  in  a  plane,  and  an  enclosed  circle  is  the  result ;  in  f.  282  the 
successive  vertical  axes  form  a  zig-zag  line ;  there  are  here  four  individuals, 
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add  four  more  behind,  the  last  (VIII)  nnitiDg  with  the  first  (I),  ftiid  let  it 
he  developed  vertically,  and  the  complex  form  produced  results  io  the 
Bcalenohodron  twin  of  f.  3SS.    In  ehalcopyrite,  the  ootahediDn  1,  which  ia 


very  near  a  regular  octahedron  in  angle,  may  be  the  twinning-plane,  and 
forms  are  thus  produced  very  similar  to  f.  363.  With  hemihearal  formB 
twinning  may  take  place  as  shown  in  f.  280,  where  the  axis  of  revoluttpn 


is  a  diagonal  axis,  and  the  planeof  twinning  the  prism  L  It  is  not  alwave 
indicated  by  a  re-entering  angle,  but  is  sometimes  only  shown  by  the 
oblioue  striatious  in  two  directions  meeting  in  the  line  of  contact. 


Another  mode  o£  twinning  is  that  occurring  in  Icncite,  observed  by  vom 
Rath,  ivho  showed  the  species  to  be  tetragonal.  The  twinning-plane  la  here 
2-i.     (Jahrb.  Min.,  1873, 113.) 


Twn  obtbtjua 


lUQUooHAi.  Ststkh. — In  the  holohedral  divieion  of  this  sjBtem  twins  are 
rare.  An  example  is  fumiehed  by  pjrrliotite,  f.  284,  where  the  twiuning- 
l>l&ne  is  the  pyramid  1,  the  vertieal  axes  of  the  individual  crjstala  being 
nearly  at  right  angles  to  each  other  (£?  A  1  =  135°  8').  Another  example 
ifl  tridymite  *  (see  jk  ^66),  where  the  twinuiag-plaDe  is  either  the  pyramid 


III  the  Bpeciea  of  the  rhombohedral  division  twins  are  mimeroua ;  the 
ordinary  methods  are  the  following :  the  twinning-pkne  the  rhombolie- 
dron  Ji,  f.  285  ;  the  rhorabohedron  -  2Ii,  f.  288 ;  the  rbombohedron  —ili, 
f.  286.  The  last  mentioned  method  is  common  in  masses  of  tsalcite,  where  by 
its  frequent  repetition  it  gives  rise  to  thin  kmellse ;  these  are  observed 
often  in  crystalhne  limestones. 


Cildte.  Caldte.  FTniBTiibe, 

The  t winning-plane  may  also  be  the  basal  plane,  the  axis  of  revoln^on 
consequently  me  Tertical  axis.  This  is  illuBtrated  in  f.  287,  a  complex 
penetration  twin  of  chabazite,  also  f.  267  (hematite),  and  in  f.  289,  290. 
It  is  also  common  with  quartz,  the  two  crystals  sometimes  distinct,  and 
joined  br  a  prismatio  plane,  aometimea  interpenetrating  each  other  very 
irregularly,  as  shown  in  f.  265. 

•  a.ToinB>th,P08Y.Ann.,axxT.4S7;  cUL  L 
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Okthobhombio  Stbtku. — In  the  orthorhombic  system  twins  are  exceed' 
Iiigly  common,  and  the  variety  of  methods  is  very  gi-eat.  These  may,  how- 
ever, be  brought  into  two  groops,  according  as  the  twintiing-plwie  u  (1)  * 
pnsmatic  plane,  vertical  or  horizontal,  or  (2)  an  octahedral  plane.  The 
twinning  ib  very  often  repeated,  and  always  in  accordance  with  the  law 
already  stated,  that  the  nainber  of  individuals  is  determined  by  tlie  number 
of  times  that  the  angle  of  the  two  axial  systems  is  contained  in  360° 

(a)  Twinning  parallel  to  a  prism  whose  angle  ia  approximately  120". 

1.  Prism  vertvxU. — The  principal  examples  are  aragorite,  /  A  /  =  116" 
■   >,IAI=  Ur  13':  witherite,  IM  ^  118° 


;  ,biomlite 
1  a'/  =  IIS^'SC ;  chalojcite,  I  kj  =  119"'  35' ;  stephanite,  I A  J  =  115* 
39' ;  dyscraaite,  /A  /  =  119°  69'.  Figs.  291,  292,  represent  twins  of  ara- 
gonite  in  accoi'dance  with  this  la«'.  Figs.  293,  294,  show  cross-sections  of 
the  two  prisms  of  the  preceding  fignres,  in  the  latter  the  form  is  hexagonal, 
thongh  not  regularly  so.     Fig.  295  ia  a  cruciform  twin  of  the  same  e 


/f^fi^ 


^P^^     (^J/    I 


i 


Aragonlte.  Arsgonite. 

2.  Pi-itm  horieojitai ;   that  is,  a  macrodome. — Examplee:  arsenopyrite, 
l-« A  1-t  =  120°  46' ;  leadhillite,  i4a  1-«  =  119°  20' ; 
„na  humite,  type  I. 

3.  J'rMTn  horisontal ;  that  is,  a  brachydome. — 
Examples :  manganite.  1-i  A  14  =  122°  50'^  (f.  296) ; 
chrvsoberjl,  3-«  A  3-i  (f.  300)  =120°  18' ;  columbite, 
2-i!A2-i=  117°  20'. 

In  all  these  cases  there  is  a  strong  tendency  toward 
repetition  of  the  twinning,  by  wliich  forms  often  stel- 
late, sometimes  apparently  hexagonal,  resalt  Tbese 
forms  are  illustrated  in  the  following  figures  :  f.  297 
is  of  witherite;  f.  29S  a  crystal  of  feaabillite,  in  its 
twinned  form  of  very  rhombohedral  aspect.  Figs. 
^^^  299  and  300  ai-e  both  chrysoberyl,  where  3-J  is  ^e 

ounfCBiuM.  t winning-plane  j  six-rayed  twins  are  very  cominon  in 

this  species. 
The  genesis  of  these  forms  is  further  illnstrated  by  the  following  ctobb- 
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netionB.    Fig.  301  ahowB  a  croeB-Bection  of  a  cernflaite  twin,  ftod  f.  e. 
of  the  crystalof  leadbillite  figured  above  (f.  298). 
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In  f .  303,  three  rhombic  priBma,  7,  of  an^^oite,  are  combined  almut  thoir 
acnte  angles,  the  dotted  lines  Bhowiiie  tbe  outlines  of  the  prisms,  and  the 
croee  lining  the  direction  of  the  bracked  iaeonal :  and  in  f.  304,  four  are 
similarly  nnited.     In  f.  805,  three  similar  pnams,  /,  are  combined  about  the 


obtDse  angle.  This  twin  combination  may  take  the  fonn  of  a  hexaf^nsl 
priam,  witn  or  withont  re-entering  angles ;  of  a  three-rayed  twin,  like  f. 
801,  and  if  a  jwuetrntion-twin,  of  a  composite  priam,  like  f.  306  (the  num- 
bering of  the  parts  showing  tbe  relation),  or  a  six-rayed  twin.  In  all  these 
(.■ases  the  stellate  form  depends  on  tbe  extension  of  the  individuals  beyond 
tbe  normal  limits. 

(4)  Prismatic  angle  approximately  that  of  tbe  r^ular  octahedron,  109° 
28 .     Ad  example  is  fnrnished  by  the  apecies  Btaaroute  (f.  807),  where  tbe 
7 
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twinniiig-plsne  ib  i^,  and  the  correepODdii^  priam&Hc  angle  is  109°  14* 
^ver  t-l,  or  70°  46'  over  t-i). 
Another  example  is  famishea 
by  marcasite,  whose  prismatic 
angle  is   106°  5'.     The  twins 
are    generally   compound,  the 
repetition  with   the  twinninff- 
plane       sometimes      parallel, 
Bometimcs  obliqae,  see  p.  225. 
In  f.  308  the  compound  crys- 
tal consists  of  five  individnals, 
since  five  times  73°  55'  is  ap- 
proximately equal  to  360°. 
(ti)  Prismatic  angle  approximately  90°.       Examples  are  furnished   by 
boumonite,  I  a  l  —  91    12',  see  p.  232,  and  stauroute.     In  the  latter  ease 
tlie  twinning-plane  is  a  brachydome,  \-l,  and  the  angle  is  91°  18' ;  the  form 
is  shown  in  f.  309,  it  being  that  of  a  nearly  rectangular  cross.     See  also 
Ipsite,  p.  323. 

The  twinning-plane  may  be  also  an  octahedral  plane.  An  excellent 
example  is  furnished  by  staurolite,  where  the  twinning-plane  ifif-J  (f.  310>, 
The  crystals  cross  at  angles  of  nearly  120°  and  60°,  nonce  the  form  in  i. 
311,  consisting  of  three  individuals  (trilling)  forming  a  six-rayed  star.  In 
f.  312  both  this  method  of  twinning  and  Shat  mentioned  above  are  com- 


bined. There  are  thus  for  the  species  staurolite  three  methods  of  twin- 
ning,,par&llel  to  i-|,  to  j~i,  and  to  j-J.  If  tlie  occurring  prism  is  made  t-J, 
then  tne  three  twmning-planes  become  1, 1-i,  1,  or  fundamental  planes,  as 
is  nsnally  true. 

MoNocLiNic  SYSTEM. — The  following  examples  comprise  the  more  com- 
monly occurring  methods  of  twinning  in  this  sratem. 

(a)  The  twinning-plane  is  the  orthopinacoid  (i-t).  This  is  true  in  the 
case  of  the  common  twins  of  orthoclase  (f.  318),  called  the  Carlsbad  Uains. 
The  axis  of  revolution  is  normal  to  t-i  (see  also  p.  90),  while  the  two 
crystals  are  united  by  the  clinopinacoid,  which  is  consequently  the  compo- 
sition-faie.  These  twins  may  be  either  right-  or  left-nanded  (f.  318  or 
f.  319),  according  as  the  right  or  left  half  of  the  simple  form  (£  317)  hai 
been  lovolved. 


TWO)  OEmALL 


Fig.  313,  of  pyroxene,  is  another  familifir  example ;  so  kIbo  f .  314,  of  which 
f.  31&  is  the  simple  form.  Fig.  320  is  a  twin  ot  scolecite,  where  the  twin 
•tracture  is  ^own  hj  the  striations  on  the  clinopinacoid. 


^loxene. 


Amphlbole. 


^S 


A  form  of  penetration-twin,  with  t-»  the  twinning-plane,  is  shown  in 
f.  321  (from  von  Lang).     The  mode  of  combi- 
nation and  croBB-penetration  of  the  two  crystals 
1,  2,iBillnstrated  in  f.  822;  it  ib  a  medial  Bection 
of  f.  321  from  front  to  back. 

(b)  The  twinnine-plane  may  also  be  the 
basal  plane.  This  is  common  with  orthoclase 
(f.  324);  also  with  gypsum  (f.  323).  It  has 
also  been  obBerved  by  the  author  in  chondro- 
dite.  type  II  and  III,  from  Brewster,  N.  T.,  see 
p.  305. 

(c)  Fi^.  325,  326,  327  show  another  method 
of  twinning  of  orthoclase  parallel  totheclino- 
dome,  34.  These  twins  are  peculiar  in  that 
they  form  nearly  rectangular  prisma,  eince 
O  A  2-i  =:  135°  3J  .  They  are  common  among  the  orthoclase  crystals  from 
Baveno,  and  hence  are  called  Baveno  tioina.  This  method  of  twinning  is 
also  common  with  the  amazon-Btone  of  Pike'B  Peak. 

The  nnion  of  four  crystals  of  this  kind  prodncea  the  form  represented  in 
f,  325 ;  and  the  Bame,  by  penetration,  develops  the  penetration -twin  of 
f.  327  (from  v.  Rath),  which  apparently  consiets  of  four  pairs  of  twins,  but 
may  be  regarded  as  made  by  tne  cross-penetration  of  the  crystals  of  two 
pairs,  or  of  the  four  of  f.  325. 

Forms  like  i.  325  may  have  one  of  the  four  parts  undeveloped  and  so 
consist  of  three  united  crystals,  and  also  the  other  parts,  as  in  bucIi  com- 
pound'twins  generally,  may  be  very  unequal. 

Twins  corresponding  to  thoae  of  the  orthorhombic  aystem,  where  th«  ■ 
twinning-plane  is  a  pnem  whose  angle  is  nearly  120°,  have  been  observed 
by  vom  Rath  in  humite,  types  II  and  III. 

Tbicukio  systeh.— In  the  twins  of  the  triclinic  system,  the  three  axel 
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may  be  axes  of  revolution,  in  which  case  the  twinning-planes  are  not  occnr- 
ring  crystal lographiu  planes;  or,  the  pinacoid  planes  may  be  the  planes  of 
twinning  and  the  normals  to  them  the  axes  of  revolution.  Some  uf  the 
cases  are  illustrated  in  the  following  fignres  of  albite.  Id  f.  329  the 
bi-achy  pinacoid  (i-i)  is  the  twinning-plane ;  f .  328  is  the  same,  but  it  is  a 
penetration-twin ;  this  is  the  most  common  method  of  twinning  with  thii 
Bpeeies. 


Qyemxa.  OrUiodBM.  Orthodaas. 


In  f.  333  the  Tertical  axis  is  the  twinning-axis.  Fig.  333  (from  O.'Boae) 
is  a  double  twin,  the  two  halves  of  which  are  like  f.  328,  bnt  they  ar« 
twinned  together  like  f.  332.     It  happens  in  albite  that  the  plane  angles 


on  i-i,  made  by  the  edges  ^^  0  and  /a  1  differ  bnt  37'  (the  former  being 
116°  26',  the  latter  115°  55'),  and  hence  it  is  that  in  the  twin  O  and  1  f  Jl 
nearly  int"  one  plane. 
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Composition  parallel  to  0,  where  the  revolution  is  ^rf'a  horizontal  axis 
normal  to  the  shorter  diagonal  of  Oj  is  ex- 
emplified in  f.  334  (from  Q.  Rose).  Both 
right-  and  left-hanaed  twins  of  this  kind 
occur;  also  double  twins  in  which  this 
method  is  combined  with  twinning  (like 
that  in  f .  329,  330),  parallel  to  i-l. 

A  thorough  discussion  of  the  method  of 
twinning  in  the  triclinic  system  has  been 
given  by  Schranf  in  his  monograph  of  the 
species  brochantite  (Ber.  Ak.,  vVien,  Ixvii.,  275, 1873). 


An>ite. 


RbGULAS  GitOUPlNG   OF  CbTSTALS. 

Connected  with  the  subject  of  twin  crystals  is  that  of  the  parallel  posi- 
tion of  associated  crystals  of  the  same  species,  or  of  different  species. 
Crystals  of  the  same  species  occurring  together  are  very  commonly 
in  parallel  position.  In  this  way  large  crystals  are  sometimes  built  up  of 
smaller  individuals  grouped  together  with  corresponding  planes  parallel. 
This  parallel  grouping  is  often  seen  in  crystals  as  they  fie  on  the  support- 
ing rock.  On  glancing  the  eye  over  a  surface  covered  with  crystals,  a 
reflection  from  one  face  will  often  be  accompanied  with  reflections  from  the 
ctirresponding  face  in  each  of  the  other  crystals,  showing  that  the  crystals 
are  throughout  similar  in  their  positions. 

Crystals  of  different  species  often  show  the  same  tendency  to  parallelism 
in  mutual  position.  This  is  true  most  frequently  of  species  wnich,  from 
similarity  of  form  and  composition,  are  said  to  be  isornorphous  (see  p.  177). 
Crystals  of  albite,  implanted  on  a  surface  of  orthoclase,  are  sometimes  an 
example  of  this ;  crystals  of  hornblende  and  pyroxene,  and  of  various  kinds 
of  rnica  are  also  at  times  observed  associated  in  parallel  position. 

The  same  relation  of  jx^sition  also  occasionally  occurs  where  thei-e  is  no 
connection  in  composition,  as  the  crystals  of  rutile  on  tabular  crystals  of 
hematite,  the  vertical  axes  of  the  former  coinciding  with  the  lateral  axes 
of  the  latter.     Breithaupt  has  figured  crystals  of  calcite,  whose  rhombo- 
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hedral  faces  (—  ^R)  had  a  series  of  quartz  crystals  upon  them,  all  in 
parallel  position  (f .  335) ;  and  Frenzel  and  vom  Rath  have  described  the 
same  association  where  three  such  quartz  crystals,  one  on  each  rhombo- 
Iiedral  face,  entirely  enveloped  the  calcite,  and  uniting  with  re-entering 
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angles  formed. {Mttifdo-twiiiB  (rather  trillinge)  of  qaartz  after  calcite.  The 
aiitliur  has  de^orioed  a  aimilar  occurrence  from  ''  Speciiuan  Mountain,"  in 
the  YellowBtSfte  Park ;    the  form  is  shown  in  f.  836.     (Am.  J.  Soi.,  HX, 

xii.,  1876.)  ;;,.■;.■' 

IRBEOUIiAianES  OF  GRYSTAEA 

'DiQ^laWs  of  crystallization,  when  unmodified  by  extrinsic  caneee,  Bbould 

piy^oe  forms  of  exact  symmetry ;  the  angles  being  not  only  eqnal,  bot 

als^.'the  homologous  faces  of  crystals  and  uie  dimensionB  in  the  directions 

of- -like  axes.      This  symmetry  is,  however,  so   uncommon,  that   it   can 

.'likidly  be  considered  other  than  an  ideal  perfection.     Crystals  are  very 

,'*^eiiei'ally  distorted,  and  often  the  fundamental  forms  are  so  completely  dis- 

■'•^ui&ed,  that  an  intimate  familiarity  with  the  possible  im^ularities  is  re* 

quii-ed  in  order  to  unravel    their  complexities.     Even   tne   angles   may 

occasionally  vary  rather  widely. 

The  irregularities  of  crystals  may  be  treated  of  under  several  heads:  1, 
Jinperfeotiona  of  surf  ace ;  2,  Variations  of  form  tmd  dimensions  /  3, 
Variationa  of  angles  ;  4,  Internal  imperfections  and  itt^pvriiiea. 

I.    luPBBFEOnONS   IN   TUB    SlTBFACES  OF  CbTBTALB. 

1.  Striations  or  angular  elevations  arising  from  oscillatory  combina- 
tions.— Tlie  parallel  lines  or  furrows  on  the  surfaces  of  ciystala  are  called 
stricB,  and  such  surfaces  are  said  to  be  striated. 

Each  little  ridge  on  a  striated  surface  is  enclosed  by  two  narrow  planes 
niorc  or  less  regular.  These  planes  often  correspond  in  poeitioii  to  differ- 
ent planes  of  the  crystal,  and  we  may  suppose  these  ridges  to  have  been 
formed  by  a  continued  oscillation  in  the  operation  of  the  causes  that  give 
rific,  when  acting  uninterruptedly,  to  enlarged  planes.  By  this  means,  the 
surfaces  of  a  crystal  are  marked  in  parallel  lines,  with  a  succession  of  nar- 
row planes  meeting  at  an  angle  and  constituting  the  ridges  referred  to. 

Thie  combination  of  different  planes  in  the  forma- 

337  tion  of  ft  surface  has  been  termed  oaciUatory  cotn- 

bination.    The  horizontal  striae  on  prismatic  crystals 

of    quartz    are    examples   of    this  combination,   in 

which  the  <»cillation  has  taken  place  between  the 

f)riBinatic  and  pyramidal  planes.  As  the  crystals 
engtliened.  there  was  ftpparell^ly  a  continual  effort 
to  assume  the  terminal  pyramidal  planes,  which  effort 
was  interruptedly  overcome  by  a  strong  tendency  to 
an  increase  in  the  length  of  the  prism.  In  this 
manner,  ciystala  of  quartz  are  often  tapered  to  a 
point,  without  the  usual  pyramidal  terminations. 
Magnetite.  Other  examples  are  the  striation  on  the  cubic  faces 

of  pyrite  parallel  with  the  intersections  of  the  cube 
with  the  planes  of  the  pyritohedron ;  also  the  striations  on  magnetite 
(f.  337J  due  to  the  oscillation  between  the  octahedron  and  dodecaliedrou. 
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Pmnis  of  tonrinaliiie  are  very  commonly  bouuded  vertically  "by  thix5e  convex 
sarfaces,  owing  to  an  oscillatory  combination  of  the  planes  /and  t-2. 

Faces  of  crystals  are  often  marked  with  angular  elevations  more  or  less 
distinct,  due  sometimes  also  to  oscillatory  combination.  Octahedrons  of 
fluorite  are  common  which  have  for  each  face  a  sui*face  of  minute  cubes, 
proceeding  from  an  oscillation  between  the  cube  and  octahedron.  This  is 
a  common  cause  of  drusy  surfaces  with  the  crystals  of  many  minerals. 

2.  Striationsfrom  Oifcillatory  composition. — The  striations  of  the  plane 
O  of  albite  and  other  triclinic  feldspars,  and  of  the  rhombohedral  surfaces 
some  calcite,  have  been  attributed,  on  p.  91,  to  oscillatory  twinning. 

3.  Markings  from  erosion  and  other  causes. — It  is  not  uucommon  that 
the  faces  of  crystals  are  uneven,  or  have  the  crystalline  structure  developed 
as  a  consequence  of  etching  by  some  chemical  agent.  Cubes  of  galenite 
are  often  tlnis  uneven,  and  crystals  of  lead  sulphate  or  lead  carbonate  arQ 
someiimes  present  as  evidence  with  regard  to  the  cause.  Crystals  of  numer- 
ous other  species,  even  of  corundum,  spinel,  quartz,  etc.,  sometimes  show  tlie 
same  result  of  partial  change  over  the  surface — often  the  incipient  stage  in 
a  process  tending  to  a  final  removal  of  the  whole  crystal.  Iiiteresting  in- 
vestigations have  been  made  by  various  authors  on  the  action  of  solvents  on 
different  minerals,  the  actual  structure  of  the  crystals  being  developed  in 
this  way.     These  are  referred  to  again  in  another  place  (p.  118). 

The  markings  on  the  surfaces  of  crystals  are  not,  however,  always  to  be 
ascribed  to  etching.  In  most  cases  etchings,  as  well  as  the  minute  angular 
elevations  upon  the  planes,  are  a  part  of  the  original  molecular  growth  of 
the  crystal,  and  often  serve  to  show  the  successive  stages  in  its  history. 
They  are  the  imperfections  arising  fi'om  an  interruptea  or  disturbed  de- 
velopment of  the  form,  the  perfectly  smooth  and  even  crystalline  faces 
being  the  result  of  completed  action  free  from  disturbing  causes.  Ex- 
amples of  the  marking  referred  to  occur  on  the  crystals  of  most  minerals, 
and  conspicuously  so  on  the  pyramidal  planes  of  quartz. 

The  development  of  this  subject  belongs  rather  to  crystaUogeny  ;  i-efer- 
ence  may,  however,  be  made  here  to  the  memoirs  of  Scharff,  bearing  on 
this  subject,  especially  one  entitled  "  Ueber  den  Qiiarz,  II.,  dei  Ueber- 
gange^achen,"  Frankfort,  1874 ;  also  to  the  Crystallography  of  Sadebeck 
^or  title  see  Introduction). 

It  follows  from  the  symmetry  of  crystallization  that  like  planes  should 
be  physically  alike,  that  is  in  regard  to  their  surface  character ;  it  thus 
often  happens  that  on  all  the  crystals  of  a  species  from  a  given  locality,  or 

Jerhaps  from  all  localities,  the  same  planes  are  etched  or  roughened  alike. 
'or  example,  on  crystals  of  datolite  from  Bergen  Hill,  the  plane  — 2-i 
is  almost  uniformly  destitute  of  lustre ;  there  is  much  uniformity  on  the 
crystals  of  quartz  in  this  respect. 

4.  Curved  surfaces  may  result  from  {a)  oscillatory  combination  ;  or  (A) 
some  independent  molecular  condition  producing  curvatures  in  the  laminoB 
of  the  crystal ;  or  {e)  from  a  mechanical  cause. 

Curved  surfaces  of  the  first  kind  have  been  already  mentioned,  p.  102. 
A  singular  curvature  of  this  nature  is  seen  in  f .  339,  of  calcite  ;  and  another 
in  the  same  mineral  in  the  lower  part  of  f.  338,  in  which  traces  of  a  scaleno- 
hedral  form  are  apparent  which  was  in  oscillatory  combination  with  the 
prismatic  form. 


1(M  GBTBTALLOOKAVBT* 

Curvatures  of  the  second  kind  sonietiinee  have  all  the  face«  oon\'ex.  Thia 
IB  the  case  in  cryetala  of  diamond  (f.  S40),  some  of  which  are  Rlmost 
spheres.  The  mode  of  ciirratnre,  in  which  all  tlie  faces  are  eqiiBlljr  oon- 
vex,  ia  leas  common  than  that  in  which  a  convex  anrface  is  opposite  and 
parallel  to  a  corresponding  concave  anrface.  Rhoiubohodrons  of  aiderito 
(see  p.  381j  are  nanally  thus  curved.  The  feathery  curves  of  frost  on  win- 
Oowa  and  tnc  flagging  stones  c^  pavements  in  winter  are  other  examples  of 
eurvea  of  the  aecond  kind.  Toe  alabaster  rosettes  from  the  Mammoth 
Cave,  K;.,  are  similar. 


A  third  kind  of  curvature  is  of  mechanic  origin.    In  many  species 
crystals  appear  as  if  they  had  been  broken 
^'  transversely  into  many  pieces,  a  alight  dis- 

placement of  wliioh  has  given  a  curved  form 
to  the  prism.  This  ia  common  in  tourmaline 
and  beryl.  The  beryls  of  Monroe,  Couii., 
often  present  these  interrupted  curvatures, 
as  represented  in  f,  341 . 
Beiyl,  Monroe,  Conn.  ~  ,  Crystals  uot  unfreqiiently  occur  with  a 
deep  pyramidal  depression  occupying  tlie 
place  of  each  plane,  as  ia  often  obeerved  in  common  salt,  alum,  and  sutphnr. 
Thia  is  due  in  part  to  tlieir  rapid  growth. 


II.  Yaeiatioms  in  the  Fokhs  akd  DmENSioifB  OF  Crtstals. 

The  eimpleat  modification  of  form  in  crystals  consists  in  a  simple  varia- 
tion in  length  or  breadth,  without  a  disparity  in  similar  aecondary  planes 
The  disturtion,  however,  extends  very  generally  to  the  secondary'  planes, 
especially  when  the  elongation  of  a  crystal  takes  place  in  the  direction  uf  a 
diagonal,  instead  of  the  cryatallogi-aphlc  axes.  In  many  instances,  one  or 
moie  planes  are  ohliierated  by  the  enlargement  of  others,  proving  a  sor.rce 
of  much  perplexity  to  the  student.  The  mterfacial  angles  remain  coustjint, 
unaffected  by  these  variations  in  form.  These  changes  in  form  often  give 
rise  towhat  is  called  by  Sadobeck  meudosym'irtetry  ;  the  distorted  forms 
of  one  system  appearing  similar  to  tlie  normal  foi-ms  of  another.  (Compare 
tlie  deecriptioua  of  tlie  following  figures.)     As  most  of  the  difficulties  in  thfl 
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study  of  cryetals  arises  from  tbeee  diatortioiu,  this  BTibiOct  is  one  of  great 
iiuportaDce. 

f'ige.  342  to  353  represent  examples  from  fhe  isometric  system, 
A  ouba  lengthened  or  shortened  along  one  axis  becomes  a  right  sqnare 
prism,  and  if  varied  in  the  direction  of  two  axes  is  changed  to  a  rectanmi- 
lar  prism.  Cnbea  of  pyrite,  galenite,  fluorite,  etc.,  are  generally  thas  dis- 
torted. It  is  very  nnnsuai  to  find  a  cubic  crystal  that  is  a  tme  symmetrical 
cube.  In  some  species  the  cube  or  octahedron  (or  other  isometric  form)  is 
len^hened  into  a  capillary  crystal  or  needle,  as  happens  in  cuprite  and 
pynte. 

An  octBhedron ^att^ud  parallel  to  a  face,  or  in  the  direction  of  a  trigonal 
interaxis,  is  reduced  to  a  tabular  crystal  (f.  342).  If  lengthened  in  the 
same  direction,  it  takes  th6  form  in  f.  343  ;  or  if  still  farther  lengthened 
to  the  obliteration  of  A',  it  becomes  an  acute  rhombohedron  (same  ngure). 


When  an  octahedron  is  extended  in  the  direction  of  a  line  between  two 
opposite  edpes,  or  that  of  a  rhombic  interaxis,  it  has  the  general  form  of 
a  rectangular  octahedron ;  and  still  farther  extended,  as  in  f.  344,  it  is 
changed  to  a  rhombic  prism  with  dihedral  summits  (spinel,  fluorite,  magne- 
tite).    The  figure  represents  this  pi-iam  lying  on  its  acuta  edge. 

The  dodecahedron  lengtliened  m  the  direction  of  a  diagonal  between  the 


obtnse  solid  anzles,  that  is,  that  of  a  trigonal  interaxis,  becomes  a  six- 
sided  prism  with  three-sided  summits,  as  in  f.  345  ;  and  shortened  in  the 
same  direction  is  a  short  prism  of  the  same  kind  (f.  346).  Botli  resemble 
rhombohedral  forms  and  arc  common  in  garnet  and  zinc  blende.  Wlit-ii 
lengthened  in  the  direction  of  one  of  the  cubic  axes,  it  becomes  a  sqnai-e 
prism  with  pyramidal  summits  (t.  347),  and  shortened  along  the  same  axis 
It  is  rednced  to  a  square  octahedron,  with  truncated  basal  anglos  (f.  348). 
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The  trapezohodron  is  etill  more  diBf^ised  by  its  dietortiuns.  When  elou- 
gated  in  toe  line  of  a  tiigoiial  iiiteraxis,  it  aesumeB  the  form  in  f.  849  ;  and 
Etill  farther  lengthened,  to  the  obliteration  of  Bome  of  the  planes,  beoomee 
a  Bcaleue  dode^edron  (f.  350).  This  has  been  ottserred  in  flnor  epar. 
Only  twelve  planes  are  here  present  out  of  the  twenty-fonr.  Threads  of 
native  gold  from  Oregon,  are  strings  of  crystals  presenting  the  form  of  this 
very  acnte  rhombobedron,  "with  the  other  planes  of  the  trapesohedron  2-3 
(tlie  Bcalenohedral  and  the  tenniual  obtuse  rhotnbohedral)  qfuite  email  at 
the  extremities. 

If  the  elongation  of  the  trapezohedron  takes  place  along  a  cabic  axis,  it 
becfjmes  a  double  eight-sided  pyramid  with  fonr-sided  enmrnits  (f.  351) ;  or 
if  these  summit  planes  are  obliterated  by  a  farther  extension,  it  becomes  a 
complete  eight-sided  doable  pyramid  (f.  352). 


A  Bcaleno-dodecahedron  of  calcite  is  shown  distorted  ia  f.  353,  which  ap- 
pears, however,  to  be  an  eight-sided  prism,  bounded  laterally  by  the  planes 
S,  1*.  l*,and  li,  and  their  opposites,  and  terminated  by  the  remaining  planes. 
The  following  figures  of  ciuartz  (f.  354,  355)  represent  distorted  forms  of 
this  mineral,  in  which  some  of  the  pyramidal  faces  by  enlargement  dis- 
place the  prismatic  faces,  and  nearly  obliterate  some  of  the  other  pyramidal 
faces ;  see  also  f .  336. 


Fig.  356  is  a  distorted  crystal  of  apatite  ;  the  same  is  shown  in  f.  357 
witli  the  normal  symmetry.  The  planes  between  O  and  the  right  /  arfl 
enlarged,  while  tlie  coiTeepouding  planes  bolow  are  in  part  oSUterated* 
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By  observing  that  fiimilar  planes  are  lettered  alike,  the  correspondence  of 
the  two  figures  will  be  understood. 

In  deciphering  the  distorted  crystalline  forms  it  must  be  remembered 
tliat  while  the  appearance  of  the  crystals  may  be  entirely  altered,  the  angles 
remain  the  same ;  moreover,  like  planes  are  physically  alike,  that  is,  auke 
in  degree  of  lustre,  in  striations,  and  so  on. 
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Apatite. 


Apatite. 


In  addition  to  the  variations  in  form  which  have  just  been  described,  still 
greater  irregularities  are  due  to  the  fact  that,  in  almost  all  cases,  crystals  in 
nature  are  attached  either  to  other  crystals  or  to  some  rock  surface,  and  in 
consequence  of  this  are  only  partially  developed.  Thus  quartz  crystals  are 
generally  attached  by  an  extremity  of  the  prism,  and  hence  have  only  one 
set  of  pyramidal  planes ;  perfectly  formed  ciystals,  as  those  from  Herkimer 
Co.,  Is.  Y.,  having  the  double  pyramid  complete,  are  rare.  The  same 
statement  may  be  made  for  nearly  all  species. 


in.  Variations  in  the  Angles  of  Cbystals. 


The  greater  part  of  the  distortions  described  occasion  no  change  in  the 
interfacial  angles  of  crystals.  But  those  imperfections  that  prooiice  con- 
vex, curved,  or  striated  faces,  necessarily  cause  such  variations.  Further- 
more, circumstances  of  heat  or  pressure  under  which  the  crystals  were 
formed  may  sometimes  cause  not  only  distortion  in  form,  but  also  some 
variation  in  angle.  The  presence  of  impurities  at  the  time  of  crystallization 
may  also  have  a  like  effect. 

Still  more  important  is  the  change  in  the  angles  of  completed  crystals 
which  is  caused  by  subsequent  pressure  on  the  matrix  in  which  they  were 
formed,  as,  for  example,  tne  change  which  may  take  place  during  the  more 
or  less  complete  metamorphism  ot  the  enclosing  rock. 

The  change  of  composition  resulting  in  pseudomorphous  crystals  (see 
p.  113)  is  generally  accompanied  by  an  irregular  change  of  angle,  so  that 
the  pseudomorphs  of  a  species  vary  much  in  angle. 

In  general  it  is  safe  to  affirm  that,  with  the  exception  of  the  irregularities 
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arising  from  imperfections  in  the  process  of  crystallization,  or  from 
changes  produced  subsequently,  variations  in  the  angles  are  rare,  and  the 
constancy  of  angle  alluded  to  on  p.  87  is  the  universal  law.* 

In  cases  where  a  greater  or  less  variation  in  angle  has  been  observed  in 
the  crystals  of  the  same  species  from  different  localities,  the  cause  for  this 
can  usually  be  found  in  a  difference  of  chemical  composition.  In  the  case 
of  isomorahous  compounds  it  is  well  known  that  an  exchange  of  correspond- 
ing chemically  equivalent  elements  may  take  place  without  a  change  of 
form,  though  usually  accompanied  with  a  slight  variation  in  the  funda- 
mental angles. 

The  effect  of  heat  upon  the  form  of  crystals  is  alluded  to  upon  p.  164. 


lY.   InTEBNAL  ImPEBFEOTIONS  and  iHPUBmES. 

The  transparency  of  crystals  is  often  destroyed  by  disturbed  ciTstalliza- 
tion,  or  by  impurities  taken  up  from  the  solution  during  the  process  of 
crystallization.  These  impurities  may  be  simply  coloring  ingredients,  or  they 
may  be  inclosed  particles,  fluid  or  solid,  visible  to  the  eye  or  under  the 
microscope.  The  coloring  ingredients  may  vary  in  the  course  of  formation 
of  the  crystals,  and  thus  layers  of  different  colors  result ;  the  tourmaline 
crystals  of  Chesterfield,  Mass.,  have  a  red  centre  and  blue  exterior;  others 
from  Elba  are  sometimes  light-^reen  below  and  black  at  the  extremity ; 
many  other  examples  might  be  given. 

The  subject  of  the  fluid  and  solid  in  closures  in  crystals  is  one  to  which 
much  attention  has  been  directed  of  late  years.  Attention  was  early  called 
to  its  importance  by  Bi-ewster,  who  described  the  presence  of  fluids  in 
quartz,  topaz,  beryl,  chrysolite,  and  other  minei-als.  Li  later  yeare  the  mat- 
ter has  been  more  thoroughly  studied  by  Sorby,  Zirkel,  Vogelsang,  Fischer, 
Rosenbusch,  and  many  others.     (See  Literature,  p.  111.) 

Many  crystals  contain  empty  cavities ;  in  others  the  cavities  are  filled 
sometitnes  with  water,  or  with  the  salt  solution  in  which  the  crystal  was 
formed,  and  not  infrequently,  especially  in  the  case  of  quartz,  with  liquid 
carbonic  acid,  as  first  proved  by  Vogelsang,  and  recently  followed  out  by 
Hartley.  These  liquid  inclosures  are  marked  as  such,  in  many  cases,  by 
the  presence  in  the  cavity  of  a  movable  bubble. 

Tlie  solid  inclosures  are  almost  infinite  in  their  variety.  Sometimes  they 
are  large  and  distinct,  and  can  be  referred  to  known  mineral  species,  as  the 
scales  of  hematite  to  which  the  peculiar  character  of  aventurine  feldspar  is 
due.  Magnetite  is  a  very  common  impurity  for  many  minerals,  appeai'ing, 
for  example,  in  the  Pennsbury  mica;  quartz  is  also  often  mechanicairy 
mixed,  as  in  staurolite  and  gmelinite.  On  the  other  hand,  quartz  crystals 
\evy  commonly  inclose  foreign  material,  such  as  chlorite,  tourmaline,  i-utile, 
hematite,  asbestos,  and  many  other  minerals. 


*  Reference  muRt  be  made  hero  to  the  discassion  by  Scaoohi  of  the  prmcii)le  of  *'  "Poljnjm* 
metry."  (Atti  Accad.  Napoli,  i.,  1864.)  See  also  EivKhwald^  Zur  Kritik  des  Leuoiti^ysleiiii, 
Tsch.  Min.  Mitth.,  1875,  227. 
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The  incloeuree  maj  also  coDsist  of  a  heteix^neoiiB  mass  of  material ;  as 
the  granitic  matter  seeo  in  orthoclase  crystals  in  a  porphjritic  granite ;  or 
the  feldspar,  quartz,  etc,  sometimes  inclosed  in 
large  coarse  crystals  of  beryl,  oecarring  in  granite 
Teins. 

An  inCereettng  example  of  the  iiicloeare  of  one 
mineral  by  another  is  afforded  by  the  annexed 
figures  of  tourmaline,  enveloping  orthoclase  (E.  H. 
Williams,  Am.  J.  Sci.,  III.,  xi.,  273,  1876).  Fig. 
S58  fihowa  the  crystal  of  tonrmalioe  ;  and  cross-sec- 
tiona  of  it  at  the  points  indicated  {a,  b,  o)  are  given 
by  f.  359,  360,  361.  The  latter  show  that  the  feld- 
spar increases  in  amonnt  in  the  lower  part  of  the 
crvstnl,  the  tonrmaline  being  merely  a  thin  shell. 
Similar  specimens  from  the  same  locality  {Port 
Henry,  Easex  Co.,  N".  Y.)  show  that  there  is  no  ne- 
oeasaiy  connection  between  the  position  of  the  tour- 
maline and  that  of  the  feldspar. 

Similar  occurrences  are  tnose  of  trapezohedrons 
of  garnet,  where  the  latter  is  a  mere  shell,  enclosing 
calotte,  or  sometimes  epidote.       Analogous  cases 
have  been  explained  by  some  authors  as  being  due  to  partial  pseudomorph- 
ism, the  alteration  progressing  from  the  centre  outward. 


The  miopoecopic  crvBtals  observed  as  incloetires  may  sometimes  be 
referrod  to  known  species,  but  more  generally  their  true  nature  is  doubtfuL 
The  term  jmaroUtea,  proposed  by  Vogelsang,  is  often  used  to  designate  the 


minute  inclosed  crystals;  they  are  generally  of  needle-like  form,  some- 
times quite  irregular,  and  often  very  remarkable  in  their  arrangement  and 
groupings ;  some  of  them  are  exhibited  in  f.  367  and  f.  366,  as  exj'lained 
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below.  Trichite  and  belonite  are  names  introduced  by  Zirbel ;  the  former 
nanje  is  derived  from  0pi^,  hair,  the  forms,  like  that  in  f.  362,  are  commoa 
in  ohBidian,  Where  the  minote  individuals  belong  to  known  species  thej 
are  called,  for  example,  feldspar  microlitee,  etc. 

Crystaliitet  is  an  analogous  term  which  is  intended  by  Vogelsang  tD  cover 
those  minute  forms  which  have  not  the  regular  exterior  form  or  crystals, 
bnt  may  be  considered  as  intermediate  between  amorphous  matter  and  tme 
crystals.  Some  of  the  forms,  figured  by  Y<^lBang,  are  ehown  in  f.  363  to 
36ft ;  they  are  often  observed  in  glassy  volcanic  rocks,  and  also  lu  furnace 
slags.  A  series  of  namee  have  been  given  to  varieties  of  crystallites,  such 
as  globulites,  margarites,  etc.* 

The  microscopic  incloeures  may  also  be  of  an  irregular  glassy  natnre  ;  a 
kind  that  exists  in  crystals  which  have  formed  from  a  melted  mass,  as  lavas, 
or  the  slag  of  iron  furnaces. 

In  general,-  it  may  be  said  that  while  the  solid  inclosnres  occnr  sometimes 
qiiite  irregularly  in  the  crystals,  they  are  more  generally  arranged  with 
some  evident  reference  to  the  symmetry  of  the  form,  or  pianos  of  the 
crystals.     Examples  of  this  are  shown  In  the  following  figures :  f.  367  ex- 


hibits a  crystal  of  angite,  inclosing  magnetite,  feldspar  and  nephclite 
microlitos,  etc.,  and  f.  368  shows  a  crystal  of  leucite,  a  species  whose 
cnstals  very  commonly  inclose  foreign  matter.  Fig.  369  shows  a  sectioa 
or  a  crystal  of  calctte,  containing  pyrite. 


Another  striking  example  is  afforded  by  andaliisite,  in  which  the  inclosea 
impurities  are  of  considerable  extent  and  remarkably  arranged.  Fiw.  370 
sliows  the  snccessive  parts  of  a  single  crystal,  as  dissected  by  B.  Hereford 

■  Die  EiTBtalliten  von  Hermami  YDgtiaxag.    Bcon,  1B7S, 
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of  Spriiifffield,  Mass. ;  871,  one  of  tl  e  four  white  portions ;  and  372,  the 
central  black  portion. 

•     871  872 
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CR7STALUNE  AGGREGATES. 

The  greater  part  of  the  specimens  or  masses  of  minerals  that  occur,  may 
be  described  as  aggregations  of  imperfect  crystals.  Even  those  whose 
structure  appears  the  most  purely  impalpable,  and  the  most  destitute  in- 
ternally of  anything  like  crystallization,  are  probably  composed  of  crystal- 
line grains.  Under  the  above  head,  consequently,  are  included  all  the 
remaining  varieties  of  structure  in  the  mineral  kingdom. 

The  individuals  composing  imperfectlv  crystallized  individuals,  may  be: 

1.  ColumnSy  orJUyres^  in  whicn  case  the  structure  is  columnar, 

2.  Thin  lamincBj  producing  a  IcvmeUar  structure. 

3.  OrainSj  constituting  a  granular  structure. 

1.  Columnar  Structure. 

A  mineral  possesses  a  columnar  structure  when  it  is  made  up  of  slender 
cmlumns  or  fibres.  There  are  the  following  varieties  of  the  columnar  struc- 
ture: 

Fibrous  :  when  the  columns  or  fibres  are  paralleL  Ex.  gypsum,  asbestus. 
Fibrous  minerals  have  often  a  silky  lustre. 
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Reticulated  :  when  the  fibres  or  columns  cross  in  yarioos  directions,  and 
produce  an  appearance  having  some  resemblance  to  a  net. 

Stellated  or  steUvlar:  when  they  radiate  from  a  centre  in  all  directions, 
and  produce  star-like  forms.    Ex.  stilbite,  wavellite. 

Radiated^  divergent :  when  the  crystals  radiate  from  a  centre,  without 
producing  stellar  forms.    Ex.  quartz,  stibnite. 


2.  LanneUar  Structure. 

The  structure  of  a  mineral  is  lamellar  when  it  consists  of  plates  or 
leaves.  The  lamin©  may  be  curved  or  straight,  and  thus  give  rise  to  the 
curved  lamellar,  and  straight  lamellar  structure.  Ex.  wollastonite  (tabular 
spar),  some  varieties  of  gypsum,  talc,  etc.  When  the  laminse  are  thin  and 
easily  separable,  the  structure  is  said  to  be  foliaceous.  Mica  is  a  striking 
example,  and  the  term  micaceous  is  often  used  to  describe  this  kind  or 
structure. 

8.  Oranrdar  Structure. 

The  particles  in  a  granular  structure  diflfer  much  in  size.  When  coarse, 
the  mineral  is  described  as  coarsely  granular  /  when  ^no^  finely  granular; 
and  if  not  distinguishable  by  the  naked  eye,  the  structure  is  termed  im- 
palpable. Examples  of  the  first  may  be  observed  in  granular  crystalline 
Hmestone,  sometimes  called  saccharoidal ;  of  the  second,  in  some  varieties 
of  hematite  ;  of  the  last,  in  chalcedony,  opal,  and  other  species. 

The  above  terms  are  indefinite,  but  from  necessity,  as  tliere  is  every 
degree  of  fineness  of  structure  in  the  mineral  species,  from  perfectly  im- 
palpable, through  all  possible  shades,  to  the  coarsest  granular.  The  term 
jpIuinero-crystcUline  has  been  used  for  varieties  in  which  the  grains  are  dis- 
tinct, and  crypto-crystalliney  for  those  in  which  they  are  not  discernible. 

Oranular  minerals,  when  easily  crumbled  in  the  nngers,  are  said  to  be 
Jriable. 

4.  Imitative  Shapes. 

Reniform :  kidnej^  shape.    The  structure  may  be  radiating  or  concentric 

Rotryoidal:  consisting  of  a  group  of  rounded  prominences.  The  name 
is  derived  from  the  Gi'eeK  fiorpv^;^  a  launch  of  grapes.  Ex.  limonite,  chal- 
cedony. 

Marnmillary :  resembling  the  botryoidal,  but  composed  of  larger  prom- 
inences. 

Ololnilar  :  spherical  or  nearly  so ;  the  globules  may  consist  of  radiating 
fibres  or  concentric  coats.  When  attached,  as  they  usually  are,  to  the  sur- 
face of  a  rock,  they  are  described  as  implanted  giobvles. 

Nodal<ir  :  in  tuberose  forms,  or  having  irregular  protuberances  over  the 
surface. 

Amygdaloidal :  almond-shaped,  applied  usually  to  a  greenstone  contain- 
ing almond-shaped  or  sub-globular  nodules. 
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CoraUoidal :  like  coral,  or  consisting  of  interlaced  flexuous  bi*ancliiug8 
of  a  white  color,  as  in  some  aragonite. 

Dendritic  :  branching  tree-liKC. 

Mo%9y  :  like  moss  in  form  or  appearance. 

FUiform  or  CapUla/r^ :  very  slender  and  long,  like  a  thread  or  hair ; 
consists  ordinarily  of  a  snccession  of  minute  crystals. 

Adoyiar  :  slender  and  rigid  like  a  needle. 

JietictUated  :  net-like. 

Drusy  :  closely  covered  with  minute  implanted  crystals. 

Stalactitic :  when  the  mineral  occurs  in  pendant  columns,  cylinders,  or 
elongated  cones. 

Stalactites  are  produced  by  the  percolation  of  water,  holding  mineral 
matter  in  solution,  through  the  rocky  roofs  of  caverns.  The  evaporation 
of  the  water  produces  a  deposit  of  the  mineral  matter,  and  gradually  forms 
a  long  pendant  cylinder  or  cone.  The  internal  structure  may  be  imper- 
fectly crystalline  and  granular,  or  may  consist  of  fibres  radiating  from  the 
central  column,  or  there  may  be  a  broad  cross-cleavage. 

Ck>mmon  stalactites  consist  of  calcium  carbonate.  Chalcedony,  gibbsite, 
bn)wn  iron  ore,  and  many  other  species,  also  present  stalactitic  torins. 

The  term  amorphous  is  used  when  a  mineral  has  not  only  no  crystalline 
form  or  imitative  shape,  but  also  does  not  polarize  the  light  even  in  its  minute 
particles,  and  thus  appears  to  be  destitute  wholly  of  a  crystalline  structure 
mtemally,  as  most  opal.  Such  a  structure  is  also  called  colloid  or  jelly- 
like, from  the  Greek  for  jglue.  Whether  there  is  a  total  absence  of  crystal- 
line structure  in  the  molecules  is  a  debated  point.  The  word  is  from  a, 
primitive^  and  fJLopifyrij  shape. 


PSEUDOMORPHOUS  CRYSTALS. 

Every  true  mineral  species  has,  when  crystallized,  a  form  pecnliar  to 
itself ;  occasionally,  however,  crystals  are  found  that  have  the  form,  both 
as  to  angles  and  general  habit,  of  a  certain  species,  and  yet  differ  from  it 
entirely  in  chemical  composition.  Moreover  it  is  often  seen  that,  though 
in  caitwardfonn  complete  crystals,  in  internal  structure  they  are  granular, 
or  waxy,  and  have  no  regular  cleavage. 

Such  crystals  are  called  meudomorphs^  and  their  existence  is  explained 
by  the  assumption,  often  admitting  of  direct  proof,  that  the  original  min- 
eral has  been  changed  into  the  new  compound,  or  has  disappeared  through 
8<>nie  agency,  and  its  place  been  taken  by  another  chemical  compound  to 
which  tne  form  does  not  belong. 

Pseudomorphs  have  been  classed  under  several  heads. 

1.  Pseudomorphs  by  aubstitutiim. 

2.  Pseudomorphs  by  simple  depositiouj  {a)  incrustation  or  (Jj)  infiltra- 
tion, 

3.  Pseudomorphs  by  alteration  /  and  these  may  be  altered 

{a)  without  a  change  of  composition,  by  paramorphism ; 
(J)  by  the  loss  of  an  ingredient ; 
(cj  by  the  assumption  of  a  foreign  substance; 
{a)  by  a  partial  exchange  of  constituents 
8 
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1.  The  first  class  of  pseadomorphs,  by  svhstitutiony  embrace  those  eases 
where  there  has  been  a  gradual  removal  of  the  original  material  and  a 
corresponding  and  simultaneous  replacement  of  it  by  another,  without, 
however,  any  chemical  reaction  between  the  two.  A  common  example  of 
this  is  a  piece  of  fossilized  wood,  where  the  origiilal  fibre  has  been  replaced 
entirely  by  silica.  The  first  step  in  the  process  was  the  filling  of  all  the 
pores  and  cavities  by  the  silica  in  solution,  and  then  as  the  woody  fibre  by 
gradual  decomposition  disappeared,  the  silica  further  took  its  place.  Other 
examples  are  quartz  after  fluorite,  calcite,  and  many  other  species,  cassiterite 
after  orthoclase,  etc. 

2.  Pseudomorphs  by  inc?*u8tatton,  form  a  less  important  class.  Such 
are  the  crusts  of  quartz  formed  over  fluorite.  In  most  cases  the  removal 
of  the  original  mineral  has  gone  on  simultaneously  with  the  deposit  of  the 
second,  so  that  the  resulting  jpseudomorph  is  properly  one  of  substitution. 
In  pseudomorphs  by  infUtraHon,  a  cavity  made  by  the  removal  of  a  crystal 
has  been  filled  by  another  mineral. 

3.  The  third  class  of  pseudomorphs,  i)y  alteration^  include  a  considerable 
proportion  of  the  observed  cases,  of  which  the  number  is  very  large.  Con- 
clusive evidence  of  the  change  which  has  gone  on  is  often  f umisned  by  a 
kernel  of  the  original  mineral  in  the  centre  of  the  altered  crystal ;  e.g.y  a 
kernel  of  cuprite  in  a  pseudomorphous  octahedron  of  malachite ;  also  of 
chrysolite  in  a  pseudomorphous  crystal  of  serpentine ;  of  corundum  in 
fibrolite,  or  spinel  (Genth). 

(a)  An  example  of  paramorphism  is  furnished  by  the  change  of  aragonite 
to  calcite  at  a  certain  temperatm'c ;  also  the  pa/ramorjphs  of  rutile  after 
arkansite  from  Magnet  Cove. 

(J)  An  example  of  the  pseudomorphs  in  which  alteration  is  accompanied 
by  a  loss  of  ingredients  is  furnished  by  crystals  of  limonite  in  the  form  of 
siderite,  the  carbonic  acid  having  been  removed ;  so  also  calcite  after 
gay-lussite  ;  native  copper  after  cuprite. 

[c)  In  the  change  ot  cuprite  to  malachite,  e,g.^  the  familiar  crystals  from 
Chessy,  France,  an  instance  is  afforded  of  the  assumption  of  an  ingredient, 
viz.,  carbonic  acid.  Pseudomorphs  of  gypsum  after  anhydrite  occur,  where 
there  has  been  an  assumption  of  water. 

{d)  A  partial  exchange  of  constituents,  in  other  words,  a  loss  of  one  and 
gain  of  another,  takes  place  in  the  change  of  feldspar  to  kaolin,  in  which 
tne  potash  silicate  disappears  and  water  is  taken  up ;  pseudomorphs  of 
chlorite  after  garnet,  pyromorphite  after  galenite,  are  other  examples. 

The  chemical  processes  involved  in  such  changes  open  a  wide  field  for 
investigation,  in  which  Bischof,  Delesse  and  others  have  done  much. 


SECTION  IL 
PHYSICAL   OHAEAOTERS    OF   MDTERALS. 

Thb  physical  characters  of  minerals  are  those  which  relate :  I.,  to 
Cohesion  and  Elasticity,  that  is :  cleavage  and  fracture,  hardnesSj  and  teiu 
acUy;  IL,  to  the  Mass  and  Volume,  the  spec^  grayity  ;  III.,  to  Light, 
the  optical  jyroperties  of  crystals ;  also  coloVy  lustre,  etc. ;  IV.,  to  Heat ; 
v.,  to  Electricity  and  Magnetism ;  VI.,  to  the  action  on  the  Senses,  as 
ta9t&,  feelj  etc. 

L  COHESION  AND  ELASTICITY. 

By  cohesion  is  understood  the  resistance  which  any  body  makes  to  an 
extraneous  force  tending  to  separate  its  particles,  either  by  breaking  or 
scratching.  This  principle  leads  to  some  oi  the  most  universally  important 
physical  characters  of  minerals, — cleavage^  fracturej  and  hardness. 

Elasticity  J  on  the  other  hand,  is  the  force  which  tends  to  bring  the 
molecules  of  a  body  back  into  their  original  position,  from  which  they  have 
been  disturbed.  Upon  elasticity  depends,  xor  the  most  part,  the  degree 
of  tenacity  possessea  by  different  minerals. 


A.  Cleavage  and  Fraoturb. 

1.  Cleavage,  —  Most  crystallized  minerals  have  certain  directions  in 
which  their  cohesive  power  is  weakest,  and  in  which  they  consequently 
yield  most  readily  to  an  exterior  force.  This  tendency  to  break  in  the 
direction  of  certain  planes  is  called  cleavage,  Bxid  being  most  intimately 
connected  with  the  crystalline  form  it  has  already  been  necessary  to  define 
it,  and  to  mention  some  of  its  most  important  features  (p.  2).  Cleavage 
differs  (a)  according  to  the  ease  with  which  it  is  obtained,  and  (5)  accord- 
ing to  its  direction,  crvstallographically  detennined. 

(a)  Cleavage  is  cBXled  perfect  or  eminent  when  it  is  obtained  with  great 
ease,  affording  smooth,  lustrous  surfaces,  as  in  mica,  topaz,  calcite.  Inferior 
degrees  of  cleavage  are  spoken  of  as  distinct,  indistinct  or  imperfect,  inter- 
rupted, in  traces,  dijfictdt.  These  terms  are  sufficiently  intelligible  without 
further  explanation.  It  may  be  noticed  that  the  cleavage  of  a  species  is 
sometimes  better  developed  in  some  of  its  varieties  than  in  others. 

(J)  Cleavage  is  also  named  according  to  the  direction,  crystallogmphiually 
defined,  which  it  takes  in  a  species.  When  parallel  to  the  basal  section  {O) 
it  is  called  basal,  as  in  topaz;  parallel  to  the  prism,  as  in  amphibole,  it  is 
called  prismatic ;  also  macroaiagonal,  orthodiagonal,  etc.,  wlien  parallel 
to  the  tteveiul  diametral  sections ;  parallel  to  the  faces  of  the  cube,  octa- 
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hedron,  dodecahedron,  or  rhorabohedron,  it  is  called  otthic^  as  galenite; 
octah^dralj  as    fluorite ;    dodecahedral^  as  sphalerite ;    rhombohedral^  as 

calcite. 

Intimately  connected  with  the  deavage  of  crystallized  minerals  are  the  divisional  planes  in- 
vestigated by  ReuBch  (see  Literature,  p.  1 18).  He  has  found  that  by  pressure,  or  by  a  sudden 
blow,  divisional  planes  are  in  many  cases  produced  which  are  imalogous  to  the  deavagie 
planes.  T]ie  first  he  calls  Gleitfldchen^  or  planes  in  which  a  sliding  of  the  molecules  upon 
each  other  takes  place.  Thus,  for  example,  if  two  opposite  dodecahedral  edges  of  a  cubic 
cleavage  mass  of  rock-salt  are  regularly  filed  away,  and  the  mass  then  subjected  to  preB$ure 
in  this  direction,  a  Gleitfldchd  is  obtained  parallel  to  the  dodecahedral  face. 

The  figures,  on  the  other  hand,  obtained  by  a  blow  on  a  rounded  steel  point,  placed  perpen- 
dicular to  the  natural  or  cleavage  face  of  a  crystal,  are  called  by  him.  fracture-figures  {^tStltug- 
fls^urcn).  The  divisional-planes  in  this  case  appear  as  cracks  diverging  from  the  point  where 
the  blow  has  been  made.  For  instance,  on  a  cubic  face  of  rook-salt  two  planes,  forming  a 
rectangular  cross,  are  obtained  ;  on  biaxial  mica,  a  six-rayed  (sometimes  three-rayed)  star 
results  from  the  blow,  one  ray  of  which  is  always  parallel  to  the  brachy diagonal  axis  of  the 
prism. 

2.  Fracture. — The  term  fracture  is  used  to  define  the  form  or  kind  of 
surface  obtained  by  breaking  in  a  direction  other  than  that  of  the  cleavage 
in  crystallized  minerals,  and  in  any  direction  in  massive  minerals.  When 
the  cleavage  is  highly  j>erfect  in  several  directions,  as  the  cubic  cleavage  of 
galenite,  fracture  is  often  not  readily  obtainable. 

Fracture  is  defined  as : 

{a)  Conchoidal ;  when  a  mineral  breaks  with  curved  concavitieB,  more 
or  less  deep.  It  is  so  called  from  the  resemblance  of  the  concavity  to  the 
valve  of  a  shell,  from  concha,  a  shell ;  flint. 

(i)  Even  ;  when  the  surface  of  fracture,  though  rough,  with  numerous 
small  elevations  and  depressions,  still  approximates  to  a  plane  surface. 

(c*)   Uneven  ;  when  the  surface  is  rough  and  entirely  irregular. 

(a)  Hackley  ;  when  the  elevations  are  sharp  or  jagged  ;  broken  iron. 

Other  terms  also  employed  are  earthy^  splintery^  etc. 


B.  Hardness. 

By  the  hardness  of  a  mineral  is  understood  the  resistance  which  it  oflFers 
to  abrasion.  The  degree  of  liardness  is  determined  by  observing  the  ease 
or  difficulty  with  which  one  mineral  is  scratched  by  another,  or  by  a  tile  or 
knife. 

In  minerals  there  are  all  grades  of  hardness,  from  that  of  a  substance 
impressible  by  the  finger-nail  to  that  of  the  diamond.  To  give  precisioQ 
to  the  use  of  this  character,  a  scale  of  ha/rd/ness  was  introduced  by  Mohsl 
It  is  as  follows : 

1.  Talc;  common  laminated  light-green  variety. 

2.  Gypsum  ;  a  crystallized  variety. 

3.  Ciucite ;  transparent  variety. 

4.  FluoHte ;  crystalline  variety. 
6.  Apatite;  transparent  variety. 
(5.5.  Scapolite ;  crystalline  variety.) 

6.  FehUpar  (orthoclaso) ;  white  cleavable  variety. 

7.  Quartz;  transparent. 


HABDNE88 — TENAOITT.  117 

8.  Topaz  ^  transparent 

9.  Sapphire:  cleavable  varieties, 
-    10.  JJiamond. 

If  the  mineral  under  trial  is  scratched  by  the  file  or  knife  as  easily  as 
ajMttite,  its  hardness  is  called  5  ;  if  a  little  more  easily  than  apatite  and 
not  BO  readily  as  flaorite,  its  hardness  is  called  4.5,  etc.  For  minerals  as 
hard  or  harder  than  quartz,  the  file  will  not  answer,  and  the  relative  hard- 
ness is  determined  by  finding  by  experiment  whether  the  given  mineral  will 
scratch,  or  can  be  scratched  by,  the  successive  minerals  in  the  scale. 

It  need  hardly  be  added  that  great  accumcy  is  not  attainable  by  the  above 
methods,  though,  indeed,  for  all  mineralogical  ])urposes  exactness  is  quite 
unnecessary. 

The  interval  between  2  and  3,  and  5  and  6,  in  the  scale  of  Mohs,  being 
a  little  greater  than  between  tlie  other  numbers,  Breithaupt  proposed  a 
scale  of  twelve  minerals  ;  but  the  scale  of  Mohs  is  now  universally  accepted. 

Accurate  determinations  of  the  hardness  of  minerals  have  been  made  by 
FrankenheiTa^  Fram^  Grailich  and  Pekarek^  and  others  (see  Literature, 
p.  118),  with  an  instrument  called  a  aderometer.  The  mineral  is  placed  on 
a  movable  carriage  with  the  surface  to  be  experimented  \^\K>u.  horizontal ; 
this  is  brought  in  contact  with  a  steel  point  (or  diamond-point),  fixed  on  a 
support  above;  the  weight  is  then  determined  which  is  just  sufficient  to 
move  the  carriage  and  pi'oduce  a  scratch  on  the  surface  of  the  mineral.       ' 

By  means  of  such  an  instrument  the  hardness  of  the  different  faces  of  a 
given  crystal  has  been  determined  in  a  variety  of  cases.  It  has  been  found 
tiiat  different  planes  of  a  crystal  differ  in  hardness,  and  the  same  plane  dif- 
fers as  it  is  scratched  in  ditferent  directions.  In  general,  the  hardest  plane 
iti  that  which  is  intersected  by  the  plane  of  most  complete  cleavage.  And 
of  a  single  plane,  which  is  intersected  by  cleavage  planes,  the  direction 
perpendicular  to  the  cleavage  direction  is  the  softer,  those  parallel  to  it  the 
harder. 

This  subject  has  been  recently  investigated  by  Exner  (p.  118),  who  has  given  the  form  of 
thect/rr^ir  ofhai*dnes»  for  the  different  planes  of  many  crystals.  These  curves  are  obtained  aa 
follows :  the  least  weight  required  to  scratch  a  crystalline  surface  in  different  directions, 
for  each  10**  or  15®,  from  0**  to  180®,  is  determined  with  the  sclerometer ;  these  directions 
are  laid  off  as  radii  from  a  centre,  and  the  length  of  each  is  made  proportional  to  the  weight 
fixed  by  experiment,  that  is,  to  the  hardness  thus  determined ;  the  line  connecting  the 
extremities  of  these  radii  is  the  curve  of  hardness  for  the  given  plane. 


C.  TENAorrr. 

■ 

Solid  minerals  may  be  either  brittle,  sectile,  malleable,  flexible,  or  elastic. 

(a)  Brittle ;  when  parts  of  a  mineral  separate  in  powder  or  grains  on 
attempting  to  cut  it ;  calcite. 

(ft)  Sectile  ;  when  pieces  may  be  cut  off  with  a  knife  without  falling  to 
powder,  but  still  the  mineral  pulverizes  under  a  hammer.  This  character 
18  intermediate  between  brittle  and  malleable ;  gypsum. 

{c)  MaUeable  y  when  slices  may  be  cut  off,  and  these  slices  flattened  out 
under  a  hammer;  native  gold,  native  silver. 

(d\  Flexible ;  when  the  mineral  will  bend,  and  remain  bent  after  the 
beuoing  force  is  removed ;  talc 
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{e)  Elastic  ;  when  after  being  bent,  it  will  spring  back  to  its  original 
position  ;  mica. 

The  elasticity  of  crystallized  minerals  is  a  subject  of  theoretical  rather 
than  practical  importance.  The  subject  has  been  acousticallj  investigated 
by  Savart  with  very  interesting  results.  Beference  may  also  be  made  to 
tlie  investigations  of  Neumann,  and  later  those  of  Voigt  and  Groth.  The 
most  important  principle  established  by  tliese  researches  is,  as  stated  by 
Groth,  tnat  in  crystals  the  elasticity  (coefficient  of  elasticity)  differs  in 
different  directions,  but  is  the  same  in  all  directions  which  are  crystallo- 
^raphically  identical ;  hence  he  gives  as  the  definition  of  a  crystal,  a  solid 
m  which  the  elasticity  is  a  function  of  the  direction. 

Intimately  ooxmected  with  the  general  subjects  here  considered,  of  cohesion  in  relation 
to  minerals,  are  the  figures  produced  by  etching  on  crystaUine  faces  (Aetzfiguren,  Oerm  \ 
investigated  by  Leydolt,  and  later  by  Baumhauer,  Exner,  and  others.  This  method  of  investi- 
gation is  of  high  importance  as  revealing  the  molecular  structure  of  the  crystal ;  reference, 
however,  must  be  made  to  the  original  memoirs,  whose  titles  are  given  below,  for  the  f oU 
diHcussion  of  the  subject. 

The  etching  is  performed  mostly  by  solvents,  as  water  in  some  cases,  more  generally  the 
ordinary  mineral  acids,  or  caustic  alkaUes,  also  by  steam  and  hydrofluoric  acid ;  the  latter  is 
eApccially  powerful  in  its  action.  The  figures  produced  are  in  the  majority  of  cases  angolar 
depressions,  such  as  low  triangular,  or  quadrilateral  pyramids,  whose  outlines  run  paraUel  to 
some  of  the  crystalline  edges.  In  some  cases  the  planes  produced  can  be  refeired  to  ooenr- 
ring  crystallographio  planes.  They  appear  alike  on  similar  planes  of  crystals,  and  henoe 
serve  to  distinguish  different  forms,  perhaps  in  appearance  identical,  as  the  two  sets  of  planes 
in  the  ordinary  double  pyramid  of  quartz ;  so,  too,  they  reveal  the  compound  twinning  struc- 
ture common  on  some  crystals,  as  quartz  (p.  89)  and  aragonite. 

Analogous  to  the  etching-figures  are  the  fig^ures  produ^d  on  the  faces  of  some  crystals  by 
the  loss  of  water  (Yerwitterungsfiguren,  Qervi,)  This  subject  has  been  inveBtigated  by  Pape 
(see  below). 
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IL  SPECIFIC  GRAVITY. 

The  specific  gravity  of  a  mineral  is  its  weight  compared  with  that  of  an- 
other substance  of  equal  volume,  Avliose  gravity  is  taken  at  unity.  In  the 
case  of  solids  or  liquids,  this  comparison  is  usually  made  with  water.  If  a 
cubic  inch  of  any  mineral  weighs  twice  as  much  as  a  cubic  inch  of  water 
(water  being  the  unit),  its  specific  gravity  is  2,  if  three  times  as  much,  its 
specific  gravity  is  3,  etc. 

The  direct  comparison  by  weight  of  a  certain  volume  of  water  with  an 
equal  volume  of  a  given  solid  is  not  often  practicable.  By  making  use, 
however,  of  a  familiar  principle  in  hydrostatics,  viz.,  that  the  weight  lost 
by  a  solid  immei-sed  in  water  is  equal  to  the  weight  of  an  equal  volume  of 
water,  that  is  of  the  volume  of  water  it  displaces, — the  determination  of  the 
specific  gravity  becomes  a  very  simple  pi'ocess. 

The  weight  of  the  solid  out  of  water  {w)  is  determined  by  weigliing  in 
tlic  usual  manner ;  then  the  weight  in  water  is  found  {w')j  when  the  loss  by 
immersion  or  the  difference  of  the  two  weights  {w  —  w')  is  the  weight  of  a 
volume  of  water  equal  to  that  of  the  solid  ;  finally  the  quotient  of  the  first 
weight  {;u))  by  that  of  the  equal  volume  of  water  as  determined  {yo  —  w') 
is  the  specific  gravity  {Q). 

Hence,  O  = 


w  —  w' 


For  example,  the  weight  of  a  fragment  of  quartz  is  found  to  be  4.534 

grams.      Its  weight  in  water  =  2.817  grains,  and  therefore  the  loss  of 

weight,  or  the  weight  of  an  equal  volume  of  water  =  1.717.     Consequently 

4  634 
the  specific  gravity  is  equal  to    '       ,  or  2.641. 

The  ordinary  method  for  obtaining  the  specific  gravity  of  firm,  solid 
minerals  is  fii-st  to  weigh  the  specimen  accurately  on  a  good  chemical  bal- 
ance, then  suspend  it  from  one  pan  of  the  balance  by  a  horse-hair,  silk 
thread,  or  better  still  by  a  fine  platinum  wire,  in  a  glass  of  water  con- 
veniently placed  beneath.  The  platinum  wire  may  be  wound  around  the 
specimen,  or  where  the  latter  is  small  it  may  be  made  at  one  end  into  a 
little  spiral  support  Wliile  thus  suspended,  the  weight  is  again  taken  with 
the  same  care  as  before. 

The  water  employed  for  this  purpose  should  be  distilled,  to  free  it  from 
all  foreign  substances.  Since  the  density  of  water  varies  with  its  tempera- 
tare,  a  particular  temperature  has  to  be  selected  for  these  experiments,  io 
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oi-der  to  obtain  uniform  reaiilto:  CO"  F.  is  the  meet  convenient,  and  hu 
been  generally  adopted.  But  the  temperature  of  tJie  maximnm  density  of 
wat«r,  39,5°  F.  {4°  C),  bas  been  reeonimended  aa  preferable.  For  minerals 
Bolnble  in  water  rtme  oilier  liquid,  as  aleoiiol,  benzene,  etc.,  must  be  era- 
plo^'ed,  whose  sueeitic  gravity  (g)  is  accurately  known ;  from  tba  com- 
parison witb  it,  the  epeciHc  gravity  ((?)  of  tlie  mineral  as  referred  to  water 
u  determined,  as  by  the  formula : 


A  ver;  conTenieiit  form  of  bnlonce  is  the  Bpiral  baliiace  of  Jolly,  when  the  weight  la  mem- 
mred  b;  tbe  torBJon  of  a  spir&l  brass  wire.  The  leadiiif^,  which  t^ive  the  weight  of  th«  loiii- 
sral  in  snd  out  of  water,  are  obtained  by  observiag  Uia  coinoideiioe  of  the  index  with  ita 
image  relli'Cted  in  the  mirror  on  which  the  gtaduation  la  made. 

A  form  of  balance  in  which  weights  are  also  dlBpensed  with,  tbe  speciflo  gn*ity  being  read 
off  from  a  scale  without  calculation,  baa  recently  been  described  by  Parish  (Am.  J.  SoL,  III., 
I.,  852).     Where  great  aoctuacy  ia  not  required,  it  can  be  very  convenienUy  need. 

If  the  mineral  is  not  solid,  but  pulverulent  or  porous,  it  is  best  to  reduce 
it  to  a  ])owder  and  weigh  it  in  a  little  glass  bottle  (f.  373) 
called  a  pygiionieter.  This  bottle  has  a  stopper  which 
fits  tightly  and  ends  in  a  tube  with  a  very  fine  opening. 
The  bottle  is  filled  with  distilled  water,  the  stopper  in- 
serted, and  the  overflowing  water  carefully  removed  with 
a  soft  cloth.  It  is  now  weighed,  and  also  the  mineral 
whose  density  is  to  be  determined.  Tiie  stopper  is  tlien 
removed  and  the  inineml  in  powder  or  in  small  fragments 
inserted,  with  care,  so  as  not  to  introduce  air-bubbles. 
The  water  which  overflows  on  replacing  the  stopper  is 
the  amoiuit  of  water  displaced  by  the  mineral.  The 
weight  of  the  pygnomcter  with  the  enclosed  mineral  is 
determined,  ana  the  weight  of  the  water  l(«t  is  obviously 
the  difference  between  this  last  weight  and  tliat  of  the 
bottle  and  mineral  together,  as  first  determined.  The  specific  gravity  of 
the  miTieral  is  equal  to  its  weight  alone  divided  by  the  weight  of  the  equal 
volume  of  water  thus  detenniiied. 

Where  this  metliod  is  followed  with  sufficient  care,  especially  avoiding 
any  change  of  temperature  in  the  water,  the  results  ai-e  quite  accurate. 
Otlier  methods  of  determining  the  specific  gravity  will  be  found  described 
in  the  litei'atnre  notices  which  follow. 

It  has  been  shown  by  Eose  that  chemi«al  precipitates  have  uniformly  a 
higher  density  than  belongs  to  the  same  substance  in  a  less  finely  divided 
state.  This  increase  of  aensity  also  characterizes,  though  to  a  less  extent, 
a  mineral  in  a  fine  state  of  meehanicaZ  subdivision.  This  is  explained 
by  the  coiulensation  of  the  water  on  the  surface  of  the  jHiwder. 

It  may  also  be  mentioned  that  the  density  of  many  substances  is  altered 
by  fusion.  The  same  mineral  in  different  states  of  molecular  aggregation 
may  differ  somewhat  in  density.  Furthermore,  minerals  having  the  same 
^^mieal  composition  have  sometimes  different  densities  t  orrci-pondiug  to  tbf 
iMwBUt  (srystalliue  forms  in  which  they  appear  (see  p.  177). 
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For  all  minerals  in  a  state  of  avera^  purity  the  specific  gravity  is  one  of 
the  most  important  and  constant  characteristics,  as  ureed  especially  by 
Breithaupt.  Every  chemical  analysis  of  a  mineral  should  be  accompanied 
by  a  careful  determination  of  its  density. 

Practical  suggestions. — The  fragment  taken  should  not  be  too  large,  say  from  two  to  fiye 
grams  for  ordinatjr  oaaes,  TaiyiDg  somewhat  with  the  demd^  of  the  mineral.  The  substance 
must  be  free  from  imparities,  internal  and  external,  and  not  porons.  Oaxe  must  be  taken  to 
exclude  air-bnbbles,  and  it  tdU  often  be  found  well  to  moisten  the  surfaoe  of  the  specimen 
before  inserting  it  in  the  water,  and  sometimes  boiling  is  necessary  to  tree  it  from  air.  If  it 
absorbs  water  this  latter  process  must  be  allowed  to  go  on  till  the  substance  is  fully  satu- 
rated. No  accurate  determinations  can  be  made  tlnless  the  changes  of  temperature  are 
rigorously  excluded  and  the  actual  temperature  noted. 

In  a  mechanical  mixture  of  two  constituents  in  known  proportions,  when  the  specific 
grsTity  of  the  whole  and  of  one  are  known,  that  of  the  other  can  be  readily  obtained.  This 
method  is  often  important  in  the  study  of  rocks. 
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III.  LIGHT. 

Before  considering  the  distinguishing  optical  properties  of  crystals  of  the 
different  systems,  it  is  desirable  to  review  briefly  some  of  the  more  im- 
portant principles  of  optics  upon  which  the  phenomena  in  question 
depend. 

Mature  of  light. — In  accordance  with  the  undulatory  theory  of  Huy- 
ghens,  as  further  developed  by  Young  and  Fresnel,  light  is  conceived  to 
consist  in  the  vibrations,  transverse  to  the  direction  of  propagation,  of  the 
particles  of  imponderable,  elastic  et/ier,  which  it  is  assumed  pervades  all 
space  as  well  as  all  material  bodies.  These  vibrations  are  propagated  with 
great  velocity  in  straight  lines  and  in  all  directions  from  the  luminous 
jxiint,  and  the  sensation  which  they  produce  on  the  nerves  of  the  eye  is 
called  liffkt 

The  nature  of  the  vibrations  will  be  understood  from  f.  374.  If  AB 
represents  the  direction  of  propagation  of  the  light-ray,  each  particle  of 
ether  vibrates  at  right  angles  to  this  as  a  line  of  equilibrium.    The  vibra- 


122  PHTBIOAL  OHAJBAOnCBS  OP  VTWTT.n^TJi. 

tioii  of  tlie  first  particle  iiidticeB  a  aiiniiar  movemeut  in  tlie  adjaceLt  par- 
tide  ;  this  is  uommuniuited  to  tlie  next,  aud  so  oil.  The  partiulee  vibrate 
BuuceBsively  from  tlie  line  AB  to  a  distance  coi-respondiiig  to  bb',  called  the 
am/plitvde  of  the  vibration,  then  return  to  b  and  paea  on  to  b'\  and  bo 


on.  Thus  at  a  given  instant  there  are  particles  occupying  all  poeitiona, 
from  that  of  the  extreme  distance  b',  or  o',  from  the  line  of  equihbrinm  to 
that  on  this  line.  In  this  way  the  wave  of  vibration  moves  forward,  while 
the  motion  of  the  particles  is  only  tmiisverse.  In  t)ie  figui-e  the  vibrations 
are  represented  in  one  plane  only,  but  in  ordinary  light  they  take  place  in 
all  directions  abimt  the  line  AB.  The  distance  between  any  two  particles, 
which  are  in  like  positions,  of  like  phase,  as  b'  and  c',  ia  called  the  wave- 
length :  and  the  time  required  for  this  completed  movement  is  called  the 
time  of  vibration.  The  intensity  of  the  light  varies  with  the  amplitude  of 
the  vibrations,  and  tlie  color  depends  upon  the  length  of  the  waves;  the 
wavo-lengtlis  of  the  violet  rays  are  shorter  than  those  of  the  red  rays. 

Two  waves  of  like  phage,  propagated  in  the  same  direction  and  of  equal 
intensity,  on  meeting  unite  to  form  a  wave  of  double  intensity  (double 
amplitude).  If  the  waves  differ  in  phase  by  half  a  wave-length,  or  an  odd 
multiiile  of  this,  they  interfere  and  extinguish  each  other.  For  other  rela- 
tions of  phase  tliey  are  also  said  to  interfere,  forming  a  new  resultant  wave, 
differing  in  phase  and  amplitude  from  eacli  of  the  component  waves;  if 
they  are  waves  of  white  light,  their  interference  is  indicated  by  the  appear- 
ance of  the  successive  colors  of  the  spectrum.  The  propagation  of  the 
vibration  -  waves  of  light  is  sometimes  compared  to  the  effect  produced 
when  a  pebble  is  thi-own  in  a  sheet  of  quiet  water — a  series  of  concentric 
circular  waves  are  sent  out  from  the  point  of  agitation.  These  waves  con- 
sist in  the  transveree  vibration  of  the  particles  of  water,  the  waves  move 
foiwai-d,  but  the  water  simply  vibrates  to  and  fi-o  vertically. 

The  waves  of  light  are  pnipagated  forward,  in  an  analogous  manner,  in 
all  directions  from  the  luminous  point,  and  the  surface  which  contains  all 
the  pai-ticles  which  commence  their  vibrations  simultaneously  is  called  the 
V)ave-sur/aue  (Welleiifliicbe,  Germ.). 

If  the  iiropagation  of  light  goes  on  witli  the  same  velocity  in  all  direc- 
tions in  a  homogeneous  medium,  the  wave-surface  is  obviously  that  of  a 
sphere  and  the  medium  is  said  to  be  isolrape.  If  it  takes  place  with  dif- 
ferent velocities  in  different  directions  in  a  body,  tlie  wave-surface  is  some- 
times an  ellipsoid,  but  never  spherical,  as  Is  shown  later;  such  a  body  is 
culled  aniiiitrojfe. 

All  the  pheJiomena  of  optics  are  explained  upon  the  supposition  of  wave* 
of  light,  whose  change  of  direction  accompanies  refraction,  whose  interfer- 
ence proiluues  the  colored  bands  of  the  diffraction  spectra,  etc.  For  the 
full  discussion  of  the  subject  reference  must  be  made  to  works  on  optica. 
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Refraction. — A  tkj  of  light  passing  through  a  lioinogeneoiiB  mcdiain  ia 
ftlways  propagated  in  a  etraiglit  line  without  deviation.  When,  huwevcr, 
tiie  light-ray  passes  from  one  medium  to  another,  which  ie  of  different 
ilentiity,  it  auffers  a  change  of  direction,  which  is  called  refraction.  For  in- 
sttiui-,e,  in  f .  375,  if  ca  is  a  ray  of  Ught  passing  from  air  into  water,  its  path 
will  he  changed  after  passing  the  surface  at 
a.  and  it  will  continue  in  the  direction  ah. 
Conversely,  if  a  ray  of  light,  ba,  pass  from 
the  denser  medium,  water,  into  the  rarer 
niediuiu,  air,  at  a,  it  will  take  the  direction 
oc 

If  now  moo  is  a  perpendicular  to  the  6\\t- 
face  at  a,  it  will  be  seen  tliat  the  angle  cam, 
called  the  angle  of  incidence  {i)  nf  the  ray 
oa  is  greater  than  the  angle  bao,  called  the 
angle  of  refraction  {r),  and  what  is  observed 
in  this  ease  ia  found  to  be  nniversally  true, 
and  the  law  ia  expressed  as  follows : 

A  ray  of  light  in  passing  from  a  rarer 
to  a  denser  medium  is  refracted  towahds 
the  perjiendicular ;  if  from  a  denser  to  a  rarer  Titedium  it  is  refracted 
AWAY  FROM  the  perpendicular. 

A  further  relation  has  also  been  established  by  experiment :  however 
great  or  small  the  angle  of  incidence,  cam  (*),  may  be,  there  is  always  a 
constant  relation  between  it  and  the  angle  of  refraction,  ^«7»  {r),  for  two 
given  substances,  as  here  for  air  and  water.  This  is  seen  in  the  £gui-o  where 
af  and  da  are  the  sines  of  the  two  angles,  and  their  ratio  (=  J  nearly)  is 
the  same  as  that  of  tlie  sine  of  any  other  angle  of  incidence  to  the  sine  of 
its  angle  of  refraction.     This  principle  is  expresfied  as  follows : 

The  sine  of  the  angle  of  incidence  bears  a  constant  ratio  to  the  tine  of 
t/ie  angle  of  refraction. 

This  constant  ratio  between  these  two  angles  is  called  the  index  ofrefrao- 

tion,  or  simply  n.     In  the  example  given  for  air  and  water  -; —  =  1.33a, 

and  consequently  the  value  of  tlie  index  of  refraction,  or  n,  is  1.335. 

The  following  table  includes  the  values  of  n  for  a  variety  of  substances. 
For  all  crystallized  minerals,  except  those  of  the  isometric  svsteni,  the  index 
of  refi-action  has  more  than  one  value,  as  is  explained  in  the  pages  which 
follow. 


Ice 1.308 

Water 1.335 

Fluorite 1.430 

Alum 1.457 

Chalcedony 1.553 

Kock-salt 1.557 

Quartz. 1.548 


Calcite 1.654 

Aragonite 1.693 

Boracite 1.701 

Garnet, 1.815 

Zircon 1.961 

Blende 2.260 

Diamond 2.419 


la  the  principle  which  has  been  stated,  -: —  =  n,  twc  points  ara  to  be 
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noted.  First,  if  the  angle  i  =  0°,  then  sin  i  =  0,  and  obviously  also  r  =  0, 
i:i  other  words,  when  the  ray  of  light  coincides  with  the  perpendicular  no 
refraction  takes  place,  the  ray  proceeding  onward  into  the  second  medium 
without  deviation. 

Again,  if  the  angle  i  =  90°,  then  sin  i  =  1,  and  the  equation  above  be- 
comes -; —  =  n,  or  sin  r  =  - .    As  n  has  a  fixed  value  for  every  substance, 
sin  r  n 

it  is  obvious  that  there  will  also  be  a  corresponding  value  of  the  angle  r 
for  the  case  mentioned.     From  the  above  table  it  is  seen  that  for  water 

sin  r  =  ,  and  r  =  48®  35' ;  for  diamond,  sin  r  =  --— ,  and  r  =  24°  25'. 

In  the  example  employed  above,  if  the  angle  iao  (r)  =  48°  35',  the  line  ac 
will  coincide  with  a/*,  supposing  the  light  to  go  from  b  to  a.  If  r  is  greater 
than  48°  35',  the  ray  no  longer  passes  from  the  water  into  the  air,  but  suffers 
total  rejection  at  the  surface  a.  This  value  of  r  is  said  to  be  the  limiting 
vahie  for  the  given  substance.  The  smaller  it  is  the  greater  the  amount  or 
light  i-eflected,  and  the  greater  the  apparent  brilliancy  of  the  substance  in 
question.     This  is  the  explanation  oi  the  brilliancy  or  the  diamond. 

Dete^rmitiatio'n  of  the  index  of  refraction. — fey  means  of  a  prism,  as 

MJyP  in  f.  376,  it  is  possible  to  determine 
the  value  of  n,  or  index  of  refraction  of  a 
jiven  substance.  The  full  explanation  of 
lis  subject  belongs  to  works  on  optics,  but 
a  word  is  devoted  to  it  here.  If  the  material 
is  solid,  a  prism  must  be  cut  and  polished, 
with  its  edge  in  the  proper  direction,  and 
,4f  having  not  too  small  an  angle.  If  the  refrac- 
tive index  of  a  liquid  is  required,  it  is  placed 
within  a  hollow  prism,  with  sides  of  plates  of  glass  having  both  surfaces 
parallel. 

The  aDgle  of  the  prism,  MN P  (a),  is,  in  each  case,  measured  in  the 
same  manner  as  the  angle  between  two  planes  of  a  crystal,  and  then  the 
minimum  amount  of  deviation  (S)  of  a  inonochromatic  ray  of  light  passing 
from  a  slit  through  the  prism  is  also  determined.  The  amount  of  deviation 
of  a  ray  in  passing  through  the  prism  varies  with  its  position,  but  when  the 
prism  is  so  placed  that  the  ray  makes  equal  angles  with  the  sides  of  the 
prism  {i  =  i\  f.  376),  both  when  entering  and  emerging,  this  deviation  has 
9k  fixed  ininimum,  value. 

If  S  =  the  minimum  deviation  of  the  ray,  and 

a  =  the  angle  of  the  prism,  then  n  = ?^rR — ^• 

In  determining  the  value  of  n  for  different  colors,  it  is  desirable  to  employ 
rays  of  known  position  in  the  spectrum. 

Double  refraction. — Hitherto  the  existence  of  only  one  refracted  ray  has 
been  assumed  when  light  passes  from  one  medium  to  another.  But  it  is 
a  well-known  fact  that  there  are  sometimes  two  refracted  rays.  The  most 
familiar  example  of  this  is  furnished  by  the  mineral  calcite,  also  called  on 
account  of  this  property  "  doubly-refracting  spar." 

If  mnop  (f .  377}  be  a  cleavage  piece  of  calcite.  and  a  ray  of  light  meets 
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It  at  5,  it  will,  in  passing   through,  be  divided    into   two  rays,  Jc,  bd 
Similarly  a  line  seen  through  a  piece  of  calcite  ordi- 
narily appears  double. 

It  will  be  seen,  however,  that  the  same  property  is 
enjoyed  by  the  great  majority  of  crystallized  minerals, 
though  in  a  less  striking  degree. 

Reflection. — When  a  ray  of  light  passes  from  one 
medium  to  another,  for  example,  from  air  to  a  denser 
substance,  as  has  been  illustrated,  the  light  will  be  par- 
tially ti'ansmitted  and  refracted  by  the  latter,  in  the 
manner  illustrated,  but  a  portion  of  it  (the  ray  ag^  in  f.  375),  is  always 
reflected  back  into  the  air.  The  direction  of  Uie  reflected  ray  is  known 
in  accordance  with  the  following  law : 

The  angles  of  incidence  and  reflection  are  egnaL — In  f.  375  the  angle 
cam  is  equal  to  the  angle  mag. 

The  relative  amount  of  light  reflected  and  transmitted  depends  upon  the 
angle  of  incidence,  and  also  upon  the  transparency  of  the  second  medium. 
If  the  surface  of  the  latter  is  not  perfectly  polished,  diffuse  reflection  will 
take  place,  and  there  will  be  no  distinct  reflected  ray. 

Still  another  important  principle,  in  relation  to  the  same  subject,  remains 
to  be  enunciated :  The  raya  ofxncidence^  reflection^  and  refraction  all  lie 
in  the  same  jpl-ane. 

Dispersion, — Thus  far  the  change  in  direction  which  a  ray  of  light  suffers 
on  refraction  has  alone  been  considered.  It  is  also  true  that  the  amount 
of  refraction  differs  for  the  different  colors  of  which  ordinary  white  light 
is  composed,  being  greater  for  blue  than  for  red.  In  consequence  of  tnis 
fact,  if  a  ray  of  ordinary  light  pass  through  a  prism,  as  in  f.  376,  it  will 
not  only  be  i*efracted,  but  it  will  also  be  separated  into  its  component  colors, 
thus  forming  the  spectrum. 

This  variation  for  the  different  colors  depends  directly  upon  their  wave- 
lengths ;  the  red  rays  have  longer  waves,  and  vibrate  more  slowly,  and 
hence  suffer  less  refraction  than  the  violet  rays,  for  which  the  wave-lengths 
are  shorter  and  the  velocity  greater. 

Interference  of  light;  diffraction, — When  a  ray  of  monochromatic  light 
is  made  to  pass  through  a  narrow  slit,  or  by  the  edge  of  an  opaque  boSiy, 
it  is  diffroAytedy  and  tnere  arise,  as  may  be  observed  upon  an  appropriately 

[)laced  screen,  a  series  of  dark  and  light  bauds,  growing  fainter  on  the  outer 
imits.  Their  presence,  as  has  been  intimated,  is  explained  in  accordance 
with  the  undulatory  theory  of  light,  as  due  to  the  xnterrference^  or  mutual 
reaction  of  the  adjoining  waves  of  light.  If  ordinary  light  is  employed, 
the  phenomena  are  the  same  and  for  the  same  causes,  except  that  the  bands 
are  successive  spectra.  Diffraction  gratings,  consisting  of  a  series  of  ex- 
tremely fine  lines  very  closely  ruled  upon  glass,  are  employed  for  the  same 
purpose  as  the  prism  to  produce  the  ccuored  spectrum.  The  familiar 
plieiiomena  of  the  colors  of  thin  plates  and  of  Newton's  rings  depend  upon 
the  same  principle  of  the  interference  of  the  light  waves.  This  subject  is 
one  of  the  highest  importance  in  its  connection  with  the  optical  pi-opertiea 
of  crystals,  since  the  phenomena  observed  when  they  are  viewed,  under 
certain  circumstances,  in  polarized  light  are  explained  in  an  analogoui 
manner.     (Compare  the  colored  plate,  frontispiece.) 
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Polarization  hy  reflection, — By  polarization  is  understood,  in  general, 
that  change  in  the  character  of  reflected  or  transmitted  light  which  dimin- 
ishes its  power  of  being  further  reflected  or  transmitted.  In  accordance 
with  the  undulatory  theory  of  light  a  ray  of  polarized  light  is  one  whose 
vibrations  take  place  in  a  single  plane  only. 

Suppose  (f.  378)  mn  and  op  to  be  two  parallel  mirrors,  say  simple 

polished  pieces  of  black  glass ;  a  ray  of  light,  AB^ 

878  will  be  reflected  from  mn  in  the  direction  BOj 

yl|B  ^^.^A  and  meeting  op^  wall  be  again  reflected  to  D. 

/Jr''^^^^  When,  as  here,  the  two  mirrors  are  in  a  parallel 

/j|b\^^  position,  the  plane  of  reflection  is  clearly  the 

w\      ^^K  same  for  both,  the  angles  of  incidence  are  equal, 

and  the  rays  AB  and  CD  are  parallel.  The  ray 
CD  is  polarized^  although  this  does  not  show 
itself  to  the  eye  direct. 

Now  let  the  mirror,  op^  be  revolved  about  BC 
as  an  axis,  and  let  its  position  otherwise  be  un- 
changed, so  that  the  angles  of  incidence  still 
remain  equal,  it  will  be  found  that  the  reflected 
ray,  CDy  loses  more  and  more  of  its  brilliancy  as 
the  revolution  continues,  and  when  the  mirror, 
op^  occupies  a  position  at  right  angles  to  its 
former  position,  the  amount  of  light  reflected  will  be  a  minimum,  the 
planes  of  reflection  being  in  the  two  cases  perpendicular  to  one  another. 

If  the  revolution  of  the  mirror  be  continued  with  the  same  conditions  as 
before,  and  in  the  same  direction,  the  reflected  ray  will  become  brighter 
and  brighter  till  the  mirror  has  the  position  indicated  by  the  dotted  line, 
o'p\  when  the  planes  of  reflection  again  coincide,  and  the  reflected  ray,  CD\ 
is  equal  in  brilliancy  to  that  previously  obtained  for  the  position  Cj), 

The  same  diminution  to  a  minimum  will  be  seen  if  the  revolution  is  con- 
tinued 90°  farther,  and  the  reflected  ray  again  becomes  as  brilliant  as  before 
when  the  mirror  resumes  its  tii-st  position  op. 

In  the  above  description  it  was  asserted  that,  when  the  planes  of  inci- 
dence of  the  mirrors  were  at  right  angles  to  each  other,  the  amount  of  li^ht 
reflected  would  be  less  than  in  any  other  position,  that  is  a  minimum.  For 
one  single  position  of  the  miri-ors,  however,  as  they  thus  stand  perpendicular 
to  each  other,  that  is  for  one  single  value  of  the  angle  of  incidence,  the 
light  will  bo  j)ractically  extinguished,  and  no  reflected  I'ay  will  appear 
fi-om  the  second  mirror. 

The  angle  of  incidence,  ABH^  for  this  case  is  called  the  angle  of  polar- 
ization^ and  its  value  varies  for  different  substances.  It  was  shown  further 
by  Brewster  that : 

The  angle  of  polarization  is  that  angle  whose  tangent  is  the  index  of 
refraction  of  the  reflecting  substance^  i,e.,  tan  i  =  n. 

Exactly  the  same  phases  of  change  would  have  been  observed  if  the 
upper  mirror  had  been  revolved  in  a  similar  manner.  The  first  mirror  is 
often  called  the  polarizer  ^  the  second  the  analyzer. 

This  change  which  the  light  suffers  in  this  case,  in  consequence  of  re- 
flection, is  <iSL[]ed  polarization. 
In  order  to  give  a  partial  explanation  of  this  phenomenon  and  to  make 
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le  same  subject  intelligible  as  applied  to  otber  cases  iti  which  polanzation 
ccars,  refei-ence  must  be  made  to  the  commonly  received  theory  of  the 
,atui*c  of  light  already  defined. 

The  phenomena  of  light  are  explained,  as  has  been  stated,  on  the  assnmp- 
ion  that  it  consists  or  the  vibrations  of  the  ether,  the  vibrations  being 
ransverse,  that  is  in  a  plane  perpendicular,  to  the  direction  in  which  the 
ight  is  propagated.  These  vibrations  in  ordinary  light  take  place  in  all 
[irections  in  this  plane  at  sensibly  the  same  time ;  strictly  speaking,  the 
ibrations  are  considered  as  being  always  transverse,  but  their  directions 
.re  constantly  and  instantaneously  changing  in  azimuth.  *  Such  a  ray  of  light 
s  alike  on  all  sides  or  all  around  the  line  of  propagation,  AJB^  f.  374. 
V  ray  of  completely  polarized  light,  on  the  other  hand,  has  vibrations  in 
/!€  direction  only,  that  is  in  a  single  plane. 

These  principles  may  be  applied  to  the  case  of  reflection  already  de- 
cribed.  The  ray  of  ordinary  light,  AJS^  has  its  vibrations  sensibly  simul- 
aneous  in  all  directions  in  the  plane  at  right  angles  to  its  line  of  propaga- 
ion,  while  the  light  reflected  from  each  mirror  has  only  those  vibrations 
rhich  are  in  one  direction,  at  right  angles  to  the  plane  of  reflection — 
upposing  that  the  mirrors  are  so  placed  that  the  angle  of  incidence 
ABH)  is  also  the  angle  of  polarization. 

If  the  mirror  occupy  the  position  represented  in  f.  378,  the  ray  of  light, 
56^,  after  being  reflected  by  the  first  mirror,  mn^  contains  that  part  of  the 
ibrations  whose  direction  is  normal  to  its  plane  of  reflection  called  the 
}lane  of  polarisation.  This  is  also  true  of  the  second  mirror,  and  when 
hey  are  parallel  and  their  planes  of  reflection  coincide,  the  ray  of  light  is 
eflected  a  second  time  without  additional  change. 

If,  however,  the  second  mirror  is  revolved  in  the  way  described  (p.  126), 
088  and  less  of  the  light  will  be  reflected  by  it,  since  a  successively  smaller 
)art  of  the  vibrations  of  the  ray  iJCtake  place  in  a  direction  normal  to 
t9  plane  of  reflection.  And  when  the  mirrors  are  at  right  angles  to  each 
>ther,  after  a  revolution  of  op  90°  about  the  line  BC  9J^2m  axis,  no  part  of 
he  vibrations  of  the  i*ay  BO  are  in  the  plane  at  right  angles  to  the  reflec- 
ion-plane  of  the  second  mirror,  and  hence  the  light  is  extinguished. 

By  refei*ence  to  f.  375  this  subject  may  be  explained  a  little  more  broadly, 
t  was  seen  that  of  the  ray  ca^  meeting  the  surface  of  the  water  at  a,  part  is 
eflected  and  part  transmitted  in  accordance  with  the  laws  of  renection 
ind  refraction.  It  has  been  shown  further  that  the  reflected  ray  is  polar- 
zed,  that  is,  it  is  changed  so  that  the  vibrations  of  the  light  take  place  in 
»ne  direction,  at  right  angles  to  the  plane  of  incidence.  It  is  also  true  that 
he  refracted  ray  is  pola/rized^  it  containing  only  those  vibrations  which 
^ere  lost  in  the  reflected  ray,  that  is,  those  which  coincide  with  the  plane 
»f  incidence  and  reflection. 

It  was  stated  that  the  vibrations  of  the  polarized  reflected  ray  take  place 
\t  right  angles  to  the  plane  of  polarization.  This  is  the  assumption  which 
ft  commonly  made ;  but  all  the  phenomena  of  polarization  can  be  equally 
^ell  explained  upon  the  other  supposition  that  they  coincide  with  this 
>laDe. 

The  separation  of  the  ray  of  ordinary  light  into  two  rays,  one  reflected 
be  other  refracted,  vibrating  at  right  angles  to  each  other,  takes  place  most 
omplotely  when  the  reflected  and  refracted  rays  are  90°  from  one  another, 
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as  proved  by  Brewster.  From  this  fact  followB  the  law  already  atatcdj 
that  tlie  tangent  of  tlie  angle  of  polarization  ib  equal  to  the  index  of  re- 
fraction.    The  angle  of  polarization  for  glass  is  about  54°  35'. 

This  separation  is  in  no  case  absolutely  complete,  but  varies  with  differ- 
ent Bubstanees.  In  the  ease  of  opaque  subetances  the  vibi'ations  belonging 
to  the  refracted  ray  are  more  or  less  completely  absorbed  (compare  remarks 
on  color,  y.  104).     Metallic  surfaces  polarize  the  light  very  slightly. 

Fulansation  hy  means  of  thin  plates  of  glate. — It  has  been  explained 
that  the  lii;ht  which  has  been  transmitted  and  refracted  ie  always  at  least 
in  part  polarized.  It  will  be  readily  understood  from  this  fact  tJiat  when  a 
number  of  glass  plates  are  placed  together,  the  light  which  passes  through 
them  all  will  be  more  and  more  coTnpletely  polarized  as  their  number  is 
increased.  This  is  a  second  convenient  metliod  of  obtaining  polarized 
light. 

Polarisation  by  means  of  tounrtaline plates. — The  phenomena  o£  polar- 
ized light  may  also  be  shown  by  means  of  toni-maline  plates.  If  from 
a  crystal  of  tourmaline,  which  is  suitably  transparent,  two  sections  be 
obtained,  each  cut  parallel  to  the  vertical  axis,  it  will  be  found  that 
these,  w'lien  placed  together  with  the  direction  of  their  axes  coinciding, 
allow  the  ligiit  to  pass  through.  If,  however,  one  section  ia  revolved  npon 
the  other,  less  and  less  of  the  light  is  transmitted,  until,  when  their  axes  are 
at  right  angles  (90°)  to  each  otlier,  the  light  is  (for  the  most  part)  extin- 
guished. As  the  revolution  is  continued,  more  and  more  light  is  obtained 
tlirough  the  sections,  and  after  a  revolution  of  180°,  tlie  axes  being  again 
parallel,  tlie  appearance  is  as  at  first.  A  further  revolution  (270°)  brings 
the  axes  again  at  right  angles  to  each  other,  when  the  light  is  a  second  time 
extinguished,  and  so  on  ai'ound. 

The  explanation  of  these  phenomena,  so  far  aa  it  can  be  given  here,  ia 

analogous  to  that  employed  for  the  case  of  polanzatioii  by  re- 

379  flection.       Each   plate  so   affects  the   ray   of  light  that  after 

a^^ni>     having  passed  through  it  there  exist  vibrations  in  one  direction 

^^^^b     only,  and  that  parallel  to  the  vertical  axis,  the  other  vibrations 

^^^H     being  absorbed.     If  now  the  two  plates  are  placed  in  tlie  same 

^^^H      position,  ahdc,  and  efgh  (f.  379),  tne  ^ight  passes  through  both 

^^^H     in  succession.     If,  however,  the  one  is  turned  upon  the  other, 

|^^H|     only  that  portion  of  the  light  can  pass  through  which  vibrates 

y         J,      still  in  the  direction  ac.     This  portion  is  determined  bv  the 

resolution  of  the  existing  vibrations  in  accordance  wit^  tlie 

principle  of  the  parallelogram  of  forces.     Consequently,  when  the  sectious 

stand  at  right  angles  to  each  other  (f.  380)  the  amonot  of 

tiansmitted  light  is  nothing  (not  strictly  true),  that  ia,  the 

light  is  extinguished. 

The  tourmaline  plates,  which  have  been  described,  are 
mounted  in  pieces  of  cork  and  held  in  a  kind  of  wire 

Eineers  (f.  381).     The  object  to  be  examined  is  placed 
ctween  them  and  sup^iorted  there  by  the  spring  in  the 
wire.      In  use  they  are  held    close  to   the   eye,  and  id 
this  position  the  object  is  viewed  in  converffitw  polarized  light. 

Potai-ization  by  means  of  JVicol  prisJWf.^The  most  convenient  method 
of  obtaining  polarized  light  is  by  means  of  a  Jfiool  jwtwn  of  calcite.    A 


m 


POI.ABIZA.TIOR  or  UOHT. 


cle&vage  riiomlwhedron  of  calcite  (the  variety  Iceland  apar  is  universally 
naed  in  conseqaence  of  its  tranBparenc;)  is  obtained,  having  four  large  and 
two  small  rhomholiedral  &ces  opposite  each  other.     In  place  of  the  latter 


planes  two  new  enrfaces  are  cut,  making  angles  of  68°  (instead  of  71°)  with 

the  obtuse  vertical  edges ;  these  then  form  tlic  terminal  fat^s  of  the  prism. 

In  addition  to  this,  the  prism  is  unt  through  in  the  direction  JBff  (f.  382), 

the  parts  then  polished  and  cemented  together  again  with 

Canada  balsam.     A  ray  o£  light,  ab,  entering  the  prism  888 

is  divided  into  two  rays  polarized  at  light  angles  to  each 

other.     One  of  these,  be,  on  meeting  the  layer  of  balsam 

(whose  refractive  index  is  greater  than  that  of  calcite) 

suffers  total  reflection  (p.  124),  and  is  defected  a^inst  the 

blackened  sides  of  the  prism  and  extinguiehcd.     The  other 

passes  throngh  and  emerges  at  e,  a  completely  polarized 

ray  of  light,  tliat  is,  a  ray  with  vibrations  in  one  direction 

onlv,  and  that  the  direction  of  the  shorter  diagonal  of  the 

prism  (f.  3S3). 

It  is  evident  that  two  Nicol  prisms  can  be  used  together 
ill  the  same  way  as  the  two  tourmaline  plates,  or  the  two 
mirrors;  one  is  called  the  pol/irizer,  and  the  other  the 
analyser.  The  plane  of  polarization  of  tlie  Nicol  prisms 
has  the  direction  PP  (f.  383)  at  right  angles  to  which  the 
vibrations  of  the  light  take  place.  A  ray  of  light  pass- 
ing throngh  one  Nicol  will  be  extinguished  by  a  second 
when  its  plane  of  polarization  is  at  right  angles  to  that  of 
the  first  prism ;  in  this  case  the  Nicols  are  said  to  he 
crossed.  The  Nicol  prisms  have  the  great  advantage  over  the  tonrmaline 
plates,  lliat  tlie  light  they  transmit  is  nncolored  and  more  completely 
polarized. 

Either  a  tonrmaline  plate  or  a  Nicol  prism  883 

may  also  be  used  in  connection  with  a  reflecting 
luirror.  The  light  reflected  by  such  a  mirror 
vibrates  in  a  plane  at  right  angles  to  the  plane  of 
incidence  (plane  of  polarization) ;  that  trans- 
mitted by  the  Nicol  prism  vibrates  in  the  direc- 
ticm  of  the  shorter  diagonal  (f.  383).  Hence, 
Avhon  the  plane  of  this  diagoml  is  at  right  angles 
to  tlie  plane  of  polarization  of  the  mirror,  the  re- 
flected ray  will  pass  through  the  prism ;  but  when  the  two  planes  mentioned 
Coincide,  the  planes  of  vibration  are  at  right  angles  and  the  reflected  ray  is 
extiiignished  by  the  prism. 
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J^olariecopeg.—ThiB  Kieol  priBmB,  when  ready  for  nse,  are  monnted  in  sn 
npnght  inBtrament,  c&lled  a  polarisonpe.  Sometimee  paraUeHf  and  Bome- 
timefl  converging,  light  ie  required  in  the  inveBtigationB  for  which  the  instm* 
ment  is  xised.     Fig.  384  ahowa  the  polarization-microacope  of  N6rrenberg 


as  altered  and  improved  by  Groth  (see 
Literature,  p.  156).  The  Nicol  priaine 
are  at  d  ana  r,  and  are  so  tnoiiiited  aa 
to  admit  of  a  motion  of  revolution  in- 
dependent of  the  other  parts  of  the  in- 
Btrument.  Tlie  lenae  e  cansea  the  liji^t 
from  the  ordinary  mirror,  a,  to  paas  as  a 
cone  through  the  prism  d,  and  the  lenses 
at  h  converge  the  light  iipr)n  the  plate 
to  be  examined  placed  at  i.  The  other 
lenBeB(o)  above  act  ae  a  weak  microeeope, 
having  a  field  of  vision  of  130".  The 
stage (iand/;), carrj'ing  the  object, admits 
of  a  horizontal  revohition.  Tne  distance 
between  the  two  halves  of  the  instrument 
is  adjusted  by  the  screws  m  and  n. 
When  panUlel  Ijgbt  ie  required,  a  aimilar  instrument  is  employed,  which 

has,  however,  a  different  arrangement  of  the  lenses,  as  ahown  in  f.  385. 

The  objects  for  which  these  instruments,  as  well  aa  the  tonrmalino  plates, 

are  employed,  will  bo  fonnd  described  in  the  following  pages. 
The  Nicol  pi-iems  are  often  used  as  an  appendage  to  we  ordinary  com 

pound  microscope,  and  in  this  form  are  important  as  enabling  ns  to  examine 

very  minute  crjitala  in  polarized  lig^t 
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DISTINGtriSHING   OPTICAL   CHARACTERS  OF   THE  CRTS- 

TALS  OF  THE  DIFFERENT  SYSTEMS. 

It  has  already  been  remarked  that  all  crystallized  minerals  gronp  them« 
selves  into  three  grand  classes,  which  are  distinguished  by  their  physical 
properties,  as  well  as  their  geometrical  form : 

A.  IsometriCj  in  which  the  crystals  are  developed  alike  in  all  the  several 
axial  directions. 

Ji.  IsodiametriCj  including  the  tetragonal  and  hexagonal  systems,  whose 
crystals  are  alike  in  the  directions  of  the  several  lateral  axes,  but  vertically 
the  development  is  unlike  that  laterally. 

a  Anisometric,  embracing  the  three  remaining  systems,  where  the  crys- 
tals are  developed  in  the  three  axial  directions  dissimilarly. 

Between  these  olaoMS  there  aze  many  oaeee  of  gradual  transition  in  crystalline  form,  and, 
iimilarlj  and  necessarily,  in  optical  character.  The  line  between  nnift-rioi  and  biazia] 
aystala,  for  instance,  cannot  be  considered  a  yeiy  sharply  defined  one. 


A.  IsoMETBio  Crystals. 

General  Optical  Character. 

All  isometric  crystals  are  alike  in  this  respect  that  they  simply  refract, 
but  do  not  dovhlv  refract  the  light  they  transmit.  They  are  optically 
isotrope.  This  follows  directly  from  the  symmetry  of  the  crystallization. 
In  the  language  of  Fresnel,  the  elasticity  of  the  light-ether  is  throughout 
them  the  same,  and  the  light  is  propagated  in  every  direction  with  the 
same  velocity.  There  is,  consequently,  but  one  value  of  the  index  of  refrac- 
tion. The  wave-surface  is  spherical.  This  class  also  includes  all  trans- 
parent amorphous  substances,  like  glass. 

Optical  Investigation  of  Isometric  Crystals. 

In  conseqnence  of  their  isotropic  character,  isometric  crystals  exhibit  no 
special  phenomena  in  polarized  lis^ht.  Sections  of  isometric  crystals  may 
be  always  recognized  as  such  by  the  fact  that  thev  behave  as  an  amorphous 
substance  in  polarized  light ;  in  other  words,  when  the  Nicol  prisms  are 
crossed  they  appear  dark,  and  a  revolution  of  tlie  section  in  any  plane  pro- 
duces no  change  in  appearance.  Similarly  they  appear  light  when  placed 
between  parallel  Nicols.     Some  anomalies  are  mentioned  on  p.  154. 

Isometric  crystals  hav^e  but  a  single  index  of  refraction,  and  that  may  be 
determined  in  the  way  described  by  means  of  a  prism  cut  with  its  edge  iu 
any  direction  whatever. 

Crystals  of  the  second  and  third  classes  are  optically  anisotrope. 
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B.  Uniaxial  Crystals. 

General  Optical  Character. 

In  the  isodiametrio  crystals,  those  of  the  tetragonal  and  hexagonal  Bys> 
teins,  there  is  or}  stalWraphically  one  axial  direction,  that  of  the  vertical 
axis,  which  is  distinguished  from  the  other  lateral  directions  which  are 
among  themselves  aliKC.  So  also  the  optical  investigations  of  these  crystals 
show  that  with  refei*ence  to  the  action  of  light  there  exists  a  similar  kind 
of  symmetry.  Light  is  propagated  in  the  direction  of  the  vertical  axis  with 
a  velocity  different  from  that  with  which  it  passes  in  any  other  direction, 
but  for  all  directions  at  right  angles  to  the  vertical  axis,  or  all  directions 
making  the  same  angle  with  it,  me  velocity  of  pmpagation  is  the  same. 
In  other  words,  the  elasticity  of  the  ether  in  the  direction  of  the  vertical 
axis  is  either  greater  or  less  than  that  in  directions  normal  to  it  (analogous 
to  the  crystal lographical  relation  6  ^  a\  while  in  the  latter  directions  it  is 
everywhere  alike. 

Optic  axis. — ^Let  a  ray  of  light  pass  through 
the  crystal  in  the  direction  of  the  vertical  axis, 
oi,  in  f.  386,  its  vibrations  must  take  place  hi 
the  plane  at  right  angles  to  this  axis ;  but  in  all 
directions  in  this  plane  the  elasticity  of  tlie  ether 
is  the  same,  hence  for  such  a  ray  the  crystal  must 
act  as  an  isotn)pe  medium ;  and  the  ray  is  con- 
sequently not  doubly  refracted  and  not  polarized. 
This  direction  is  called  the  optic  axis.* 

DovhU  refraction, — If,  on  tlie  other  hand,  the 
ray  of  light  passes  through  the  crystal  in  any  other  direction,  it  is  divided 
into  two  rays,  or  doubly  refracted  (see  f.  377),  and  this  in  consequence  of 
tlie  difference  in  the  elasticity  of  the  ether  in  the  plane  in  which  tne  vibra- 
tions take  place.  Of  these  two  rays,  one  follows  the  law  of  ordinary 
refraction,  and  this  is  called  the  ordinary  ray  ;  the  other  does  not  conform 
to  this  law,  and  is  called  the  extraordinary  ray.  Both  these  i-ays  are  polar- 
ized, and  in  planes  at  right  angles  to  each  other ;  the  vibrations  of  the 
extraordinary  ray  take  place  in  the  plane  passing  thi'ough  the  incident  ray 
and  vertical  axis,  called  the  principal  section^  those  of  the  ordinary  i-ay 
are  in  a  plane  at  right  angles  to  this. 

Wave-sxvr face  of  the  ordinary  ray, — The  meaning  of  the  statement  that 
the  ordinaiy  ray  follows  the  law  of  the  simple  refraction  is  this : — the  index 
of  refraction  (w)  of  the  ordinary  ray  has  invariably  the  same  value,  what- 
ever be  the  direction  in  which  the  light  passes  thix>ugh  the  crystal ;  the 
amount  of  deviation  from  the  perpendicular  is  always  in  accoixlauce  with 

the  law  - —  =  n  (©).     In  other  words,  the  ordinary  ray  is  propagated  in 
all  directions  in  the  medium  with  the  same  velocity ;  and  hence  the  wave- 

*  It  will  be  understood  that  tho  opU^  aaoM  is  alwaja  a  direetian^  not  a  fixed  line  in  tlie 
fliystalB. 
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Berface  is  that  of  a  spliere.  Moreover,  the  ordinary  ray  always  remains  in 
the  plane  of  incidence. 

Wave-aurfacg  of  the  easiraordinary  ray. — For  the  extraordinary  ray  the 
law  of  Biinple  refraction  does  not  hold  goud.  If  experiments  be  made  upon 
any  uniaxial  crystal,  it  wilt  be  found  that  the  two  raye  are  most  Bepantted 
wheu  (1)  the  light  falls  ferpekdicclae  to  the  vertical  axis.  As'  its  inclina- 
tion toward  the  axis  is  dinihiiehcd,  the  extraordinary  ray  approaches  the 
ordinary  ray,  and  coincides  with  it  when  (2)  tlie  liglit  passes  through  tab- 
ALLBL  to  the  vertical  axis.  The  index  of  refraction  of  the  extraordinary  ray 
varies  in  value,  being  most  unlike  <•>  for  the  fii-st  case  supposed  when  the 
vibrations  of  the  extraordinary  ray  are  parallel  to  tlie  axis  (wheti  it  is 
called  e),  and  is  equal  to  a  for  the  Eevoud  case  supposed.  The  velocity  of 
this  ray  is  then  variable  in  a  correspt^itiding  manner.  The  wave-surface  of 
the  extraordinary  ray  is  an  ellipsoid  of  rotation.  Moreover  it  ordinarily 
does  not  remain  in  the  plane  of  incidence. 

Two  cases  are  now  possible :  the  index  {(d)  of  the  ordinary  ray  may  be  (1) 
greater  than  that  of  the  extraordinary  ray  (*),  in  which  taise  the  velocity  of 
the  lipht  in  the  direction  of  the  vertical  axis  is  less  than  that  in  any  other 
direction ;  or  (2)  w  may  be  less  than  e,  and  in  this  case  the  velocity  of  pro- 
pagation for  the  light  has  its  maximum  parallel  to  the  vertical  axis.  The 
tomier  are  called  negative,  tlie  latter  poeitive  crystals.  The  fact  allnded 
to  here  should  be  noted  that  the  value  of  the  refractive  index  is  inversely 
proportional  to  the  velocity  of  the  light,  or  elasticity  of  the  ether,  in  the 
given  direction. 

Negative  cn/staU  ;  Wave-surface. — Forcalcite  w  =;l-654,  c  =  1-483,  it  is 
hence  one  of  tne  class  of  negative  crystals.  The  former  vahie  (w)  belongs 
to  the  ray  vibrating  at  right  angles  to  the  vertical  axis,  and  the  latter  value 
(t)  to  the  ray  with  vibrations  parallel  to  the  axis.  As  has  been  stated,  the 
refi-active  index  for  the  exti-aoidinary  ray  increases  from  1.483  to  1.654,  as 
the  ray  becomes  more  and  more  nearly 
parallel  to  the  vertical  axis.     Fig.  387  illus.  "*' 

trates  graphically  the  relation  between  the 
two  indices  of  refraction,  and  the  correspond- 
ing velocities  of  the  rays  ;  ab  represents  the 
d  i  rection  of  the  vertical  axis,  that  is,  the  opiic 
axU.  Also  ma,  mb  represent  the  velocity 
<^'f  the  light  parallel  to  this  axis,  correspond- 
ing to  the  greater  index  of  refraction  (1'654J. 
,  The  circle  described  with  this  radius  will 
represent  the  constant  velocity  of  the  ordi- 
nary ray  in   any  direction   whatever.     Let 

fiirthei'  md,  me  represent  the  velocity  of  the  extraordinary  ray  passing  at 
right  angles  to  the  axis,  hence  cori-espfniding  to  the  smaUer  index  af 
retraction  (1-483).  The  ellipse,  whose  major  and  minor  axes  are  ad 
and  ai,  will  express  the  law  in  accordance  with  which  the  velocity  of  the 
extraordinary  ray  varies,  viz.,  greatest  in  the  direction  md,  least  in  the 
direction  ab  in  which  it  coincides  with  the  ordinary  i-ay.  For  any  inter- 
mediate direction,  hgm,  the  velocity  will  be  expressed  by  the  length  of  the 
linej  km. 

Now  let  this  figure  be  revolved  about  the  axis  ad;  there  will  be  genoiated 
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a  circle  within  a 
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1  oblate  ellipsoid  of  rotation  (f.  388).  The  enrface  of  th« 
sphere  is  the  wave-surface  of  the  ordinary  ray, 
and  that  of  the  ellipaoid  of  the  eztraordinary 
ray ;  the  line  of  their  intersection  is  the  optic 
axis. 

In  f.  377,  p.  125,  the  ra;^  o^  liR^^  'b  shown 
divided  into  two  by  the  piece  of  calcite  ;  of 
these,  hd,  which  is  the  more  refracted,  is  the 
ordinary  ray,  and  bo,  which  is  less  refracted,  ia 
the  extraordinary  ray. 

Positvue  cryataU ;  WavesiaJ'ace.  —  Tor 
quartz  a>  =  1'518,  <=  1*558.  The  index  of 
refraction  for  the  ordinary  ray  (m)  is  leas  than  that  of  the  extraordinarj-  ray 
(e) :  quartz  hence  belongs  to  the  class  of  positive  crystals.  The  value  of  a 
(r558)  for  the  extraordinary  ray  corresponds  to  the  direction  of  the  ray  at 
right  angles  to  the  vertical  axis,  when  its  vibrations  are  parallel  to  this  axis. 
As  the  direction  of  the  ray  changes  and  becomes  more  and  more  nearly  par- 
allel to  the  axis,  the  value  of  its  index  of  re- 
SSO  fraction  decreases,  and  when  it  is  parallel  to  the 

latter,  it  has  the  value  1548.  The  extraordin- 
ary ray  then  coincides  with  the  ordinary,  and 
there  is  no  double  refraction ;  this  is,  as  be- 
fore, the  line  of  the  optic  axis.  The  law  for 
both  rays  can  be  represented  graphically  in 
the  same  way  as  for  negative  crystals.  In 
f.  389,  ami  is  the  direction  of  the  optic  axis; 
let  tna,  m,b  represent  the  velocity  of  the  ordin- 
ary ray,  which  corresponds  to  the  least  re- 
fractive index  (1-548),  the  circle  afhe  will 
express  the  law  for  this  ray,  viz.,  the  velocity 
the  same  in  t^very  direction.  Moreover,  let 
Tnd,  mc  represent  tho  velocity  of  the  extraor- 
(linai-y  ray,  at  right  angles  to  the  axis,  which  con-esponds  to  tlie  maximum 
refractive  index  (1-558) ;  the  ellipse,  adbc,  will  express  the  law  for  velocity 
of  the  extraoixlinary  ray,  viz.,  least  in  the  direction  mdy  and  greatest  in  the 
direction  ah,  when  it  is  equal  to  that  of  the  ordinary  ray,  and  varying 
uniformly  between  these  limits.  If  the  figure  be  revolved  as  before,  Uiere 
will  bo  generated  a  sphere,  whose  surface  is  the  wave-surface  of  the  ordin- 
ary ray,  and  vdthin  it  a  prolate  ellipsoid  whose  anrface  represents  the 
wavc-s Ill-face  of  the  extraordinary  ray. 

The  following  list  includes  examples  of  both  classes  of  uniaxial  crystals : 


Negative  ciyatala  (— ), 
Calcite, 
Tourmaline, 
Corundum, 
Beryl, 
Apatite. 


Positive  cryatalt  (+), 
Quartz, 
Zircon, 
Hematite, 
Apophyllite, 
Oaesiterite. 


it  may  be  remarked  that  in  some  species  both  -I-  and  —  varietiee  have 
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been  observed.  Certain  crystals  of  apophjllite  are  positive  for  one 
end  of  the  spectrum  and  negative  for  the  other,  and  consequently  for  some 
color  between  the  two  extremes  it  has  no  double  refraction. 

These  principles  make  the  explanation  of  the  use  of  tourmaline  plates  and  calcite  prisma 
as  polarizing  instmments  (p.  128)  more  inteUigible. 

The  two  rays  into  which  the  single  raj  is  divided  on  passing  through  a  uniaxial  crystal  ore, 
as  has  been  said,  both  polarized,  the  ordinary  ray  in  a  plane  passing  through  the  vertical 
axis  and  the  extraordinary  ray  perpendicular  to  this.  In  a  tourmaline  plate  of  the  proper 
thickness,  cut  parallel  to  the  axis  c,  the  ordinary  ray  is  absorbed  (for  the  most  part)  and  the 
extraordinary  ray  alone  passes  through,  having  its  vibrations  in  the  direction  of  the  vertical 


In  the  calcite  prism,  of  the  two  refracted  and  polarized  rays,  the  ordinary  ray  is  disposed  of 
artificia]ly  in  the  manner  mentioned  (p.  129),  and  the  extraordinary  ray  alone  passes  through, 
vibrating,  as  already  remarked,  in  the  direction  of  the  axis  c,  or,  in  other  words,  of  the 
shorter  diagonal  of  the  Nicol  prism. 

The  relation  of  these  phenomena  to  the  molecular  structure  of  the  crystal  is  well  shown 
by  the  effect  of  pressure  upon  a  parallelepiped  of  glass.  Glass,  normaUy,  exhibits  no  colored 
phenomena  in  polarized  light,  since  the  elasticity  of  the  ether  is  the  same  in  all  directions, 
and  there  is  hence  no  double  refraction.  But  if  the  block  be  placed  under  pressure,  exerted 
on  two  opposite  faces,  the  conditions  are  obviously  changed,  the  density  is  the  same  in  the 
both  lateral  directions  but  differs  from  that  in  the  direction  of  the  axis  of  pressure.  The  sym- 
metry in  molecular  structure  becomes  that  of  a  uniaxial  crystal,  and,  as  would  be  expected, 
on  placing  the  block  in  the  polariscope,  a  black  cross  with  its  colored  rings  is  observed,  exactiy 
as  with  calcite.  Similarly  when  glass  has  been  suddenly  and  unevenly  cooled  its  molecular 
structure  is  not  homogeneous,  and  it  will  be  found  to  polarize  light,  although  the  phenomena, 
for  obvious  reasons,  wiU  not  have  the  regularity  of  the  case  described. 

It  may  be  added  here  that  recent  investigations  by  Mr.  John  Kerr  have  shown  that  eleotri* 
dty  oalls  out  birefringent  phenomena  in  a  block  of  glass.    (Phil.  Mag.,  L,  337.) 


Optical  Investigation  of  Uniaxial  Crystals. 

Sections  normal  or  parallel  to  the  axis  in  polaHzed  light, — Suppose  a 
section  to  be  cut  perpendicular  to  the  vertical  axis  (axial  section),  it  has 
already  been  shown  that  a  ray  of  light  passing  through  the  crystal  in  this 
direction  suffers  no  change,  consequently,  such  a  section  examined  in 
parallel  polarized  light,  in  the  instrument  (f.  385),  appears  as  a  section  of 
an  isometric  crystal. 

If  the  same  section  be  placed  in  the  other  instrument  (f.  384,  p.  130), 
arranged  for  viewing  the  object  in  converging  light,  or  in  the  tourmaline 
tongs,  a  be^ipi^phenomenon  is  observed  ;  a  symmetrical  black  cross — 
when  the  JironsHPourmaline  plates  are  crossed — with  a  series  of  concentric 
rings,  dark  andMght,  in  monochromatic  light,  but  in  white  light,  showing 
the  prism9|||ypR>rs  in  succession  in  each  ring.  This  is  shown  without  the 
coloi-s  in  f.  390,  the  arrangement  of  the  colors  in  the  elliptical  rings  of  the 
frontispiece  is  similar. 

This  cross  becomes  white  when  the  Nicols  or  tourmalines  are  in  a  par- 
allel iX)8ition,  and  each  band  of  color  in  white  light  changes  to  its  comple- 
mentary tint  (f.  391).  These  interforenbe  figures  are  seen*  in  this  form 
only  in  a  plate  cut  perpendicular  to  the  vertical  axis,  and  marks  the  uni- 
ctjcial  character  of  the  crystal. 

The  explanation  of  this  phenomenon  can  be  only  hinted  at  in  this  place 

*  Uniaxial  crystals  which  produce  circular  polarization  exhibit  interference  figures  which 
differ  somewhat  from  those  do^cribed.     Some  anomalies  are  mentioned  on  p.  154. 
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All  the  rays  of  light,  whose  vibrations  coincide  with  the  vibration-planes 
of  either  of  the  croesed  Kicols,  muEt  necesBai-ily  be  extinmiished.  Thit 
ffives  rise  to  the  black  cross  in  the  centre,  with  its  arms  in  the  direction  of 
tlio  planes  mentioned.  All  other  rays  passing  tlironeh  the  given  plats 
obliquely  will  be  doubly  refracted,  and  after  passing  Birough  the  second 
Nitiol,  thus  being  referred   to  the  same  plane  of   polarization,  they  will 


inierfere,  and  will  give  rise  to  a  series  of  concentric  rings,  light  and  dark 
in  liotnoge neons  light,  bat  in  ordinary  light  showing  the  successive  colors  of 
the  spectrum.  In  regard  to  the  interference  of  polarized  rays,  the  fact  must 
be  stated  that  that  can  take  place  only  when  they  vibrate  in  the  same  plane ; 
two  rays  vibrating  at  right  angles  to  each  other  cannot  interfere.  These 
interferance  phenomena  are  similar  to  the  successive  spectra  obtained  by 
diffraction  gratings  alluded  to  on  p.  125.  It  is  evident  that,  in  order  to 
observe  the  phenomena  most  advant^eously,  the  plate  must  have  a  suitable 
tliickness,  which,  however,  varies  with  the  refrafitive  index  of  the  substance. 
The  thicker  the  plate  the  smaller  the  i-ings  and  the  more  they  are  crowded 
together ;  when  the  thickness  is  considerable,  only  tlie  black  brushes  ai'e 
seen. 

Section  parallel  (or  sharply  inclined)  to  the  axis. — If  a  section  of  a  uni- 
axial crystal,  cut  parallel  or  inclined  to  the  vertical  axis,  be  examined  in 
paraUel  polarized  light,  it  will,  when  it«  axis  coincides  witb  the  direction 
of  vibration  of  one  of  the  Nicol  prisms,  appear  dark  wlien  the  pi'isnis  are 
crossed.  If,  however,  it  be  revolved  horizontally  on  the  stage  of  the  polari- 
Kcope  {I,  I,  f.  384)  it  will  appear  alternately  dark  and  light  at  iutei-vals  uf  45°, 
dark  under  the  conditions  mentioned  above,  otherwise  more  or  less  light,  the 
maximum  of  light  being  obtained  when  the  axis  of  the  section  makes  an 
angle  of  45^  with  the  plane  of  the  Nicol.  Between  parallel  Kicols  the 
phenomena  are  the  same  except  that  the  light  and  darkness  are  reversed. 
When  the  plate  is  not  too  thick  the  polarized  ray,  after  ua^sing  the  up|)er 
Nicol,  will  interfere,  and  in  white  liglit,  the  plate  will  snow  bright  colore, 
which  change  as  one  of  the  Nicols  or  the  plate  is  revolved. 

£xamined  in  convei^ing  light,  similar  sections,  when  very  thin,  show  ia 
vritite  light  a  series  of  parallel  colored  bands. 

"  ■  ■nnination  of  the  indices  of  refraction  a  and  e. — One  prism  wiU 


^^^etenm 
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BnflSce  for  the  determination  of  both  indices  of  refraction,  and  its  edge  may 
be  either  parallel  or  perpendicular  to  the  vertical  axis. 

(a)  If  parallel  to  the  vertical  axis,  the  angle  of  minimum  deviation  for 
each  ray  in  succession  must  be  measured.  The  extraordinary  rav  vibrates 
parallel  to,  and  the  oi-dinary  ray  at  right  angles  to,  the  direction  or  the  edge 
of  the  prism.  For  convenience  it  is  better  to  isolate  each  of  the  rays  in 
succession,  which  is  done  with  a  single  Nicol  prism.  If  this  is  held  before 
the  observing  telescope  with  its  shorter  diagonal  parallel  to  the  refracting 
edge  of  the  prism,  the  ordinary  ray  will  be  extinguished  and  tlie  image  oi 
tlie  slit  observed  will  be  that  due  to  the  extraordinary  ray.  If  held  with  its 
plane  of  vibration  at  right  angles  to  the  prismatic  edge,  the  extraordinary 
ray  will  be  extinguished  ana  the  other  alone  observed.  From  the  single 
ol«erved  angle,  for  the  given  color,  the  index  of  refraction  can^be  calculated, 
6>  or  €,  by  the  formula  given  on  p.  124,  the  angle  of  the  prism  being  known. 

{b)  If  the  refracting  edge  or  the  prism  is  perpendicular  to  the  vertical 
axis  of  the  crystal,  the  same  procedure  is  necessary,  only  in  this  case  the 
ordinary  ray  will  vibrate  parallel  to  the  prismatic  edge,  and  the  extraordi- 
nary ray  at  right  angles  to  it.  The  two  rays  are  distinguished,  as  before,  by 
a  Nicol  prism. 

Determitiation  of  tlie  positive  or  negative  character  of  the  double  refrac 
tion, — The  most  obvious  way  of  determining  the  character  of  the  double 
refraction  («  >  6  or  ©  >  €)  is  to  measure  the  indices  of  refraction  in  accoi-d- 
ance  with  the  principles  explained  in  the  preceding  paragraphs.  It  is  not 
always  possible,  however,  to  obtain  a  prism  suitable  for  this  purpose,  and  in 
any  case  it  is  convenient  to  have  a  more  simple  method  of  accomplishing 
the  result. 

To  do  this,  use  may  be  made  of  a  very  simple  principle  : — the  +  or  — 
character  of  a  given  crystal  is  determined  by  observing  tlie  eifect  produced 
when  an  axial  section  from  it  is  combined  in  the  polariscope  with  that  of  a 
crystal  of  known  character. 

For  instance,  calcite  is  negative,  and  if  it  be  placed  in  conjunction  with 
the  section  of  a  positive  crystal,  the  whole  effect  observed  is  the  same  as  that 
which  would  be  produced  if  the  original  plate  were  diminished  in  thickness, 
while,  if  combined  with  a  negative  crystal,  it  is  as  if  the  plate  were  made 
thicker.  It  has  already  been  remarked  that,  as  the  axial  plate  of  a  crystal 
increases  in  tliickness,  the  number  of  rings  visible  in  the  field  of  the  polari- 
scope increases,  and  they  become  more  crowded  together ;  but,  if  the  section 
is  made  thinner,  the  successive  rings  widen  out  and  become  less  numerous. 
One  or  the  other  of  these  effects  is  produced  by  the  use  of  the  intervening 
section. 

In  the  case  of  uniaxial  crystals,  however,  the  method  which  is  practically 
most  simple  is  that  suirgested  by  Dove — the  use  of  an  axial  plate  of  mica  of 
a  certain  thickness.  The  section  required  is  a  cleavage  piece  of  such  a 
thickness  that  the  two  rays  in  passing  through  suffer  a  dinerence  of  phase 
which  is  equal  to  a  quarter  wave-length,  or  an  odd  multiple  of  this. 

Suppose  that  the  section  of  the  crystal  to  be  examined,  cut  perpendicular 
to  the  axis,  is  brought  between  the  crossed  Nicols  in  the  polariscope ;  the 
black  cross  and  the  concentric  colored  rings  are  of  course  visible.  Let  now, 
while  the  given  section  occupies  this  position,  the  mica  plate  be  placed  npcm 
it,  with  tlie  plane  of  its  optic  axes  (determined  beforehand,  and  the  direction 
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marked  by  a  line  for  convenience)  making  an  angle  of  45°  with  tlie  vil>ra- 
tion-plaiisB  of  the  Nicola ;  the  black  ciosa  dieappeare  and  there  remain  only 
two  aiagoiially  situated  dark  spots  in  the  place  of  it.  Moreover,  the  colored 
curves  in  the  two  quadrants  witii  these  spots  are  pushed  farther  away  from 
the  centre  than  the  others.  The  effect  produced  is  represented  in  L  392 
aud  f.  393.     If  the  line  joining  these  two  dark  spots  stands  at  right  angles 


to  the  axial  plane  of  the  mica,  ihe  crystal  is  positive  (f.  392),  if  this  line 
coincides  with  the  axial  plane,  tlie  crystal  is  negative  (f.  393).  The  explana- 
tion of  this  efFe<^t  is  not  so  simple  as  to  allow  of  being  introduced  here ;  the 
effect  of  the  mica  is  to  produce  circular  polarization  of  the  light  which  it 
trausmits. 

With  buth  uniaxial  and  biaxial  ci7Btals  the  atadent  will  find  it  of  great  asaiBtance  alwaj* 
to  have  at  his  Bide  a  good  section  of  a  positive  and  a  aegative  cijs^.  By  comparing  the 
pbenomena  observed  in  the  sei^OD  tmder  examination  with  those  shown  bj  crTitala  of  known 
chacacter,  he  will  often  be  saved  much  perplexitj. 

For  the  investigation  of  the  absorption  phenomena  of  uniaxial  crystals 
see  p.  161. 

CCBOBLAR    PoLABIZATION. 

In  what  has  been  said  of  polarized  light,  in  the  preceding  pa^s,  it  has 
been  assumed  that  a  polarized  ray  was  one  whose  vibrations  took  place  in 
a  single  plane,  so  that  the  plane  of  polarization  at  H^ht  angles  to  this  waa  a 
fixed  plare.  Such  a  ray  is  said  to  be  linearly  polarized.  There  are  some 
uniaxial  crystals,  however,  which  have  the  power  to  roto^e  the  plane  of  polari- 
zation ;  the  ray  is  said  to  be  circularly  polai-ized.  They  manifest  this  in  the 
phenomena  observed  when  an  axial  section  is  examined  in  the  polariscope. 

An  axial  section  of  a  uniaxial  crystal  normally  exhibits,  in  converging 
polarized  light,  a  black  cross  with  a  series  of  concentric  colored  circles, 
t,  390,  p.  136.  If,  however,  a  section  of  quartz  be  cut  perpendicular  to  the 
axis  and  viewed  between  the  crossed  Niuols,  the  phenomena  observed  are 
different  from  tl.e&e: — the  central  portion  of  the  black  croea  has  disap- 

iared,  aud  instead,  the  space  within  the  inner  ring  is  brilliantly  colored. 


peared,  aud 
^rthermore 
■|k  blue   t 


©rmore,  when  the  analyzing  Kicol  is  revolved,  this  color  cliangea 
blue  to  yellow  to  red,  and  it  is  found  that  in  some  cases  uii 
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change  is  produced  by  revolving  the  Nicol  to  the  rights  and  in  other  eases 
to  the  left.  To  distingaish  between  these  the  first  are  called  right-handed 
nitatiiig  crystals,  and  the  others  left-handed.  The  relations  here  involved 
will  be  better  understood  if  the  quartz  section  is  viewed  in  parallel  mono- 
chi-omatic  light.  Under  these  circumstances  a  similar  plate  of  calcite 
appeal's  dark  when  the  Nicols  are  crossed,  but  with  quartz  the  maximum 
darkness  is  only  obtained  when  the  analyzer  has  been  revolved  beyond  ita 
fii-st  position  a  certain  angle;  tliis  angle  increasing  with  the  thickness  of 
the  section,  and  also  varying  with  the  color  of  the  light  employed. 

For  a  section  1  mm.  thick  in  red  light,  a  rotation  of  the  analyzer  of  19° 
is  requii'ed  to  produce  the  maximum  darkness.  For  yellow  light  the 
rotation  is  24°  with  a  plate  of  the  same  tliickness ;  with  blue,  32°,  and  so  on. 
The  rotation  of  the  analyzer  with  some  crystals  is  to  the  right,  with  othei-a 
to  the  left. 

The  explanation  of  these  facts  lies  in  the  fact  stated  above,  that  the 
quartz  rotates  the  plane  of  vibration  of  the  polarized  light,  and  the  angle  of 
rotation  is  different  for  rays  of  diflFerent  wave-lengths.  Furthermore,  this 
rotation  of  the  plane  of  vibration  results  from  the  fact  that  in  quartz,  even 
in  the  direction  of  its  axis,  double  refraction  takes  place.  The  oscillations 
of  the  particles  of  ether  take  place  not  in  straight  lines  but  in  circles,  and 
they  move  in  opposite  dii'ections  for  the  two  rays,  ordinary  and  extraor- 
dinan'. 

An  axial  section  of  a  quai'tz  crystal  can  never  appear  dark  between 
crossed  Nicols  in  ordinary  light,  since  there  is  no  pouit  at  which  all  the 
coloi-s  are  extinguished ;  on  the  contrary,  it  appears  highly  colored.  The 
color  depends  upon  the  thickness  of  the  section,  and  is  the  same  as  that 
observed  in  the  centres  of  the  rings  in  converging  polarized  light.  If  sec- 
tions of  a  right-handed  and  left-handed  crystal  are  placed  together  in  the 
polariscope,  Uie  centre  of  the  interference  figure  is  occupiea  with  a  four- 
i-ayed  spiral  curve,  called  from  the  discoverer  Airy's  spiral.  Twins  of 
quartz  crystals  are  not  uncommon,  consisting  of  the  combination  of  right- 
aud  left-handed  individual,  which  sometimes  show  the  spirals  of  Airy. 

It  is  a  remarkable  fact,  discovered  by  Ilerschel,  that  the  right-  or  left 
handed  optical  character  of  quartz  is  often  indicated  by  the  position  of  the 
trapezohedral  planes  on  the  crystals.  When  a  given  trapezohedral  plane 
appears  as  a  modification  of  tlie  prism,  to  tlie  right  above  and  left  below, 
the  crystal  is  optically  right-handed  ;  if  to  the  left  above  and  right  below, 
the  crystal  is  left-htindei.  In  f .  394  the  plane  is,  as  last  remarked,  left  above 
and  right  below,  and  the  crystal  is  hence  left-handed.  Cinnabar  has  been 
shown  by  Des  Cloizeaux  to  possess  the  same  property  as  quartz ;  and  this  is 
true  also  uf  some  artificial  salts,  also  solutions  of  sugar,  etc. 

In  twins  of  quartz,  the  component  pai'ts  may  be  both  right-handed  or 
both  left-handed  (as  in  those  of  Dauphiny  and  the  Swiss  Alps) ;  or  one  may 
be  of  one  kind  and  the  other  of  the  other.  Moreover,  successive  layers  of 
deposition  (made  as  the  crystal  went  on  enlarging,  and  often  exceedingly 
thin^  are  sometimes  alternately  right-  and  left-handed,  showing  a  constant 
oscillation  of  polarity  in  the  course  of  its  formation  ;  and,  when  this  is  the 
case,  and  the  layers  are  regulcuTy  cross-sections,  examined  by  polarized  light, 
exhibit  a  division,  more  or  less  perfect,  into  sectors  of  120  ,  parallel  to  the 
plane  liy  or  into  sectors  of  60°.     If  the  layera  are  of  unequal  thickness 
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there  are  broad  areas  of  colors  without  sectors.    In  f.  396  (by  Itee  Cloueauz, 
from  a  crystal  from  tbe  Dept.  of  the  Aade),  half  of  each  sector  of  80"  ii 


right-handed,  and  the  other  half  left  (as  shown  by  the  arrows),  and  the  dark 
i-adii  are  nentral  bands  produced  by  the  overlapping  of  layeis  of  the  two 
kinds.  Theae  overlapping  portions  often  exhibit  the  phenomenon  of  Airy'e 
epiraL 

C.  Biaxial  Cbystals. 

Omeral  Optical  (^racier. 

As  in  the  crystalline  systems,  thus  far  considered,  so  also  in  tbe  anisome- 
tric  eystems,  the  orthorhorobic,  inonoclinic,  and  tricHnic,  there  is  a  strict  corre- 
spondence between  the  molecuiar  atnicture,a6  exhibited  in  the  geometrical 
^rm  of  (he  crystals,  and  their  optical  propertieB,  In  the  crystals  of  tliesc 
systems  there  is  no  longer  one  axis  acound  about  which  the  eSafeticity  of  the 
hghtether,  that  is,  the  velocity  of  the,  light,  is  everywhere  alike.  On  the 
<wntrary,  tlie  relations  are  much  lees  simple,  and  less  easy  to  comprehend. 
There  are  two  directions  in  which  the  light  paasi*  through  the  crystal 
without  double  refraction — these  are  called  the  optic  aaxs,  and  hence  the 
crystals  are  bicKcial — but  in  everv  other  direction  a  ray  of  light  is  separated 
into  two  rays,  polarized  at  right  angles  to 
each  other.  Neither  of  these  conforms  to 
the  law  of  simple  refraction.  The  subject 
was  first  developed  theoretically  by  Fresncl, 
^  and  his  conclusions  have  since  been  fully 

'■^  verified  by  experiment. 

^— A        Axes  of  etaaticity. — In    regard    to    the 

elasticity  of  the  ether  in  a  biaxial  crystal 
there  are  (1)  a  maximum  value,  (iJ)  a 
minimum  value,  and  (3)  a  mean  value,  and 
these  values  in  the  crystal  are  found  in 
directions  at  right  angles  to  each  oUier. 
In  f.  396,  C(f  represents  the  axis  (c)  of  least  elasticity,  AA'  of  gresteel 
riasttcitj  (a),  and  B£'  of  mean  elasticity  (ti).     A  ray  passing  in  the  direo- 
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■Bon  CC  vibrates  in  a  plane  at  right  angles,  that  la,  parallel  to  BB'  and 
AA'.  Similarly  for  the  ray  BB'  the  yibrations  are  parallel  to  AA'  and 
CC,  and  for  the  ray  AA'  parallel  to  BB'  and  CT?',  Between  theee 
extreme  valuee  of  the  axes  of  elaeticity,  the  elasticitv  varieE  according  to  a 
regular  law,  as  will  be  seen  in  the  following  disoiiseion.  The  fonn  of  the 
wave-enrface  for  a  biaxial  crystal  may  be  determined  by  fixing  its  fona 
for  the  planes  of  the  axes  a,  b,  and  c. 

Wave-aMrface. — First  consider  tlie  case  of  rays  in  the  plane  of  the  azea 
BB'  and  OG'  (f.  3971.  A  ray  pass- 
ing in  the  direction  CC  is  separated 
into  two  sets  of  vibrations,  one  paral- 
lel to  AA!,  corresponding  to  the 
greatest  elasticity,  moving  more 
rapidly  than  the  other  set,  parallel 
to  BS,  which  correspond  to  the 
mean  elaaticity.  The  velocity  of  the 
two  sets  of  vibrations  are  made  pro- 
portional to  the  leii^hs  of  the  lines 
mn,  and  mn  respectively,  in  f.  397. 
Again,  for  a  ray  in  the  same  plane, 
parallel  to  BIy,  the  vibrations  are 
(1)  parallel  to  AA,  and  propagated 
faster  (greatest  elasticity)  than  the 
other  set ;  (2)  parallel  to  UO  (least 
elaeticit}').  Again,  in  f.  397,  on  the 
line  6'6",  mn",  and  mq"  are  made 
prop>rtional  to  these  two  velocities ; 
here  mn.  =  mn",  and  for  a  ray  in  the 

same  plane  in  any  other  direction,  there  will  be  one  set  of  vibrations 
pai'ailel  to  AA',  with  the  same  velocity  as  before,  and  another  set  at  right 
angles  with  a  velocity  between  mo  and  m^',  determined  by  the  ellipse 
wlioee  seini-axes  are  proportional  to  the 
mean  and  greatest  axes  of  elasticity.  808 

Fig.  397  then  i-epresents  the  section  of 
the  wave-surface  thi-oiigb  tlie  axes  CC 
end  BB'.  The  circle  nn"  sltowe  the 
constant  velocity  for  all  vibrations  par- 
allel to  AA'^  and  the  ellipse  the  variable 
values  of  the  velocity  for  the  other  set  of 
vibrations  at  right  angles  to  the  first. 

Again,  for  a  ray  in  the  plane  AA', 
BB',  the  method  of  the  construction 
is  similar.  The  vibrations  will  in  every 
case  take  place  in  tlie  plane  at  right 
angles  to  the  direction  of  the  ray,  which 
pliine  must  always  pass  tbrongh  the  axis 
OC  of  leastelasticity.  Hence  forevery 
direction  of  the  ray  in  the  plane  men- 
tioned,  one  set  of  vibrations  will  always 
be  parcel  to  CO',  and  hence  be  propagated  with  a  constant  Telocity 
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(=  mo',  f .  3^8),  and  hence  this  is  expressed  by  the  circle  oo'.  The  other  Bel 
of  Tibrations  will  be  at  right  angles  to  CG',  and  the  velocity  wiUi  which 
they  are  propagated  will  vary  according  as  they  are  parallel  to  AA' 
(=  run,  t,  398),  or  parallel  to  ^jB'  (=  mg ),  or  some  intermediate  value  for 
an  iDtermediato  position.  The  section  ol  the  wave-surface  is  coDseqnently 
a  circle  within  an  ellipse. 

Finally,  let  the  ray  pass  in  some  direction  in  the  plane  CC,  AA',o{  least  and 

greatest  elasticity,  the  section  of  the  wave-snrface  is  also  a  circle  and  ellipse. 

Suppose  the  ray  passes  in  the  direction 

^*  parall5  to  AA',  the  vibrations  will  be 

(1)  parallel  to  CC,  and  (2)  parallel  to 

MB',  those  (1)  parallel  to  CC'  (least  axis 

of  elasticity)  ai-e  propagated  more  slowly 

than  those  (2)  parallel  to  SB'  (axis  of 

mean  elasticity).     In  f.  399,  on  the  line 

AA',  lay  oStnv'  and  mq'  proportional  to 

these  two  values. 

Again,  for  a  ray  parallel  to  CC  the 

vibrations  will  take  place  (1)  parallel  to 

AA',  and  (2)  parallel  to  BB',  tlie  former 

will  be  propagated  with  greater  velocity 

than  those  latter.     These  two  values  of 

the  velocity  in   the   direction    CC   are 

represented  by  mn"  and  mq"  (=  my'). 

For  any  intermediate  position  of  the  ray 

in  the  same  plane  there  will  always  be 

one  set  of  vibrations  parallel   to  BB' 

),  hence  the  circle).     The  other  set  at  right  angles  to  tliese 

will  be  propagated  with  a  velocity  va- 

'  rying  accoraiiig  t«  the  direction,  from 

tnat  corresponding  to  the   least  axis 

of  elasticity  (represented  by  rna',  f .  a'JS), 

to  that  of  the  greatest  axis  of  elasticity 

(mn"). 

Optic  aaes. — It  is  seen  that  the  cir- 
cle, representing  the  uniform  velocity 
of  viijmtions  parallel  to  h,  and  the 
ellipse  representing  the  varying  valne 
of  tlie  velocity  for  the  vibrations  at 
right  angles  to  these,  intersect  one  an- 
other at  /*,  P',  f.  399.  The  obvious 
meaning  of  this  fact  is  that,  for  the 
directions  mP,  and  m/*',  making 
equal  angles  with  the  axis  CC,  the 
velocity  is  the  same  for  both  sets  of 
vibrations;  these  are  not  separated 
from  each  other,  the  ray  is  not  doubly 
refracted,  and  not  folarized. 
Thoee  two  directions  are  called  the  opno  axes.  All  anisometric  crjatals 
bave,  as  has  been  stated,  two  optic  axes,  and  are  hence  called  hernial. 


•'  =  my",  f.  3 
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The  complete  wave-surface  of  a  biaxial  crystal  is  constructed  from  the 
three  sections  given  in  f.  397,  398,  399.  It  is  shown  graphically  in  f.  400, 
where  the  lines  PP,  and  P' P'  are  the  two  optic  axes. 

Bisectrices^  or  Meanriines, — As  shown  in  f .  399,  the  optic  axes  always  lie 
in  the  plane  of  greatest  (a)  and  least  (c)  elasticity,  and  the  value  of  the  optic 
axial  angle  is  known  when  the  axes  of  elasticity  are  given  as  stated  below. 
The  axis  of  elasticity  which,  as  the  line  CC\  i.  399,  bisects  the  acute  angle 
is  called  the  aciUe  Insect7'iXj  or  first  mean-line  (erate  Mittellinie,  6enn.)y  and 
that  bisecting  the  obtuse  angle,  the  obtuse  bisectrix,  or  second  mean-line 
(zweite  Mittellinie,  Oerm,). 

Positive  and  negative  crystals. — ^When  the  acute  bisectrix  is  the  axis  of 
least  elasticity  (c),  it  is  said  to  be  positive^  and  when  it  is  the  axis  of  greatest 
(o)  elasticity,  it  is  said  to  be  negative.    Barite  is  positive,  mica  negative. 

Indices  of  refra^ion. — It  has  been  seen  that  in  uniaxial  crystals  there 
are  two  extreme  values  for  the  velocity  with  which  light  is  propagated,  and 
corresponding  to  them,  and  inversely  proportional  to  them,  two  indices  of 
refraction.  Similarly  for  biaxial  crystals,  where  there  are  three  axes  of  elasti- 
city, there  are  three  indices  of  refraction — a  maximum  index  a,  a  minimum  7, 
and  a  mean  value  /9  ;  a  is  the  index  for  the  rays  propagated  at  right  angles 
to  a,  but  vibrating  parallel  to  a ;  /9  is  the  index  for  rays  propagated  perpen- 
dicularly to  b,  by  vibrations  parallel  to  b ;  7  is  the  index  for  rays  propagated 

[perpendicularly  to  c,  but  vibrating  parallel  to  c.     a  =  -,  /8  =  -,  7  =  -. 

0         b  ^ 

If  Oy  fiy  and  7  are  known,  the  value  of  the  optic  axial  angle  (2  V)  can  be 
calculated  from  them  by  the  following  formula : 


006   F  = 


XHspersion  of  the  ovtic  axes. — It  is  obvious  that  the  three  indices  of 
refraction  may  have  different  values  for  tlie  different  colors,  and  as  the  angle 
jf  the  optic  axes,  as  explained  in  the  last  paragraph,  is  determined  by  these 
three  values,  the  axial  angle  will  also  vary  in  a  corresponding  manner. 

This  variation  in  the  value  of  the  axial  angle  for  rays  of  different  wave 
lengths  is  called  the  dispersion  of  the  axes,  and  the  two  possible  cases  are 
distinguished  by  writing  p  >  v  when  the  angle  for  the  red  rays  (p)  is  greater 
than  lor  the  blue  (violet,  v),  and  p  <  v  when  the  revei-se  is  true. 

In  the  properties  thus  far  mentioned,  the  three  systems  are  alike ;  in 
details,  however,  they  differ  widely. 

Practical  Investigation  of  Biaxial  Crystals. 

Interference  figures. — A  section  cut  perpendicular  to  either  axis  will 
show,  in  converging  polarized  light,  a  system  of  concentric  rays  analogous 
to  those  of  uniaxial  crystals,  f.  390,  but  more  or  less  elliptical.  There  is, 
moreover,  no  black  cross,  but  a  single  black  line,  which  changes  its  position 
iis  the  Nicole  are  revolved. 
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If  a  sectioD  of  a  biaxial  crystal,  cut  perpendicalarly  to  the  first,  that  ii 
acute,  bieectrix,  ia  viewed  in  the  polariscope,  a  ilifFerent  phenomenon  ii 
observed. 

Tiiere  are  seen  in  this  case,  snpposing  tlie  plane  of  the  axes  to  make  an  angle 
of  '1:5°  witli  the  planes  of  polarization  of  the  crossed  Niwls,  two  black  hj-pei^ 
bolas,  marking  the  position  of  the  axeB,  asenenof  elliptical  tui-ves Biirroimd- 
ing  tlie  two  centres  and  finally  uniting,  forming  a  series  of  lemniscatee. 
If  monochromatic  light  is  employed,  the  rings  are  alternately  light  and 
dark ;  if  white  light,  each  ring  shows  the  snccessive  colora  of  the  spectroin. 
If  one  of  tlie  Nicol  prisms  be  revolved,  the  dark  hyperbolic  brushes  gradn- 
ally  become  white,  and  tlie  colors  of  the  rings  take  the  complementary  tints 
after  a  revolution  of  90°.  Since  the  black  hyperbolic  brushes  mark  the 
position  of  tlie  optic  axes,  the  smaller  the  axial  angle  the  nearer  tcvether 
are  the  hyperbolas,  and  when   the  angle  is  very  small,  the  axial  figure 


oheerved  closely  resembles  the  simple  cross  of  a  nniaxial  crystal.  On  tha 
other  hand,  when  the  axial  angle  is  large  the  hyperbolas  are  far  apart,  and 
may  even  be  so  far  apat-t  as  to  be  invisible  in  the  field  of  the  polariscope. 

When  the  plane  of  tlie  axes  coincides  witli  the  plane  of  vibration  tut 
either  Nicol,  these  being  crossed,  an  nnsymmetrical  black  cross  is  observed, 
and  also  a  series  of  elliptical  curves.  Both  theso  fignres  are  welt  exhibited 
till  the  frontispiece;  the  one  gradaally  changes  into  the  other  as  the 
crystal  section  is  revolved  in  the  horizontal  plane,  the  Nicola  remaining 
stationary. 

A  section  of  a  biaxial  crystal  cut  perpendicular  to  the  obtuse  bisectrix 

will  exhibit  the  same  fignres  nnder  the  same  oonditions  in  polarized  light, 

when  tlie  angle  is  not  too  large.     This  is,  however,  eflQ^rally  the  case,  and 

ill  consequence  the  axes  suffer  total  ruction  on  t£e  inner  surface  of  the 

^gntion,  and  no  axial  figures  are  visible.    This  is  Bometimes  the  case  also 
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with  a  section  cat  i^ormal  to  the  acute  bisectrix,  when  the  angle  is  large. 
A  micronjeter  scale  in  the  polariscope,  f.  384,  allows  of  an  approximate 
ineasuremeut  of  the  axial  angle ;  the  value  of  each  division  of  the  scale 
bein^  known. 

Measurement  of  the  aosial  angle. — The  determination  of  the  angle  made 
by  the  optic  axes  is  of  the  highest  importance,  and  the  method  of  proce- 
dnre  oflFers  no  great  difficulties.  Fig.  401  shows  the  instrument  recom- 
mended for  this  purpose  bv  DesChnzeaux ;  its  geneml  features 'will  be 
understood  without  detailed  description ;  some  improvements  have  been 
introduced  by  Qroth,  which  make  tlie  instrument  more  accurate  and  con- 
venient of  use.  The  section  of  the  crystal,  cut  at  right  angles  to  the  bisec- 
trix, is  held  in  the  pincers  at  c,  with  the  plane  of  the  axes  horvzontdl^ 
making  an  angle  of  45**  with  the  plane  of  vibration  of  the  Nicols  {IfNY 
There  is  a  cross- wire  in  the  focus  of  the  eye-piece,  and  as  the  pincers  hold- 
ing the  section  are  turned  by  the  screw  F^  one  of  the  axes,  that  is  one  black 
hyperbola,  is  brought  in  coincidence  with 
the  vertical  cross-wire,  and  then,  by  a 
f  urtlier  revolution  of  F^  the  second.  The 
angle  which  the  section  has  been  turned 
from  one  axis  to  the  second,  as  read  off 
at  the  vernier  S  on  the  graduated  circle 
above,  is  the  apparent  angle  for  the  axes 
of  the  given  crystal  as  seen  in  the  air 
{cicaj  f.  402).  it  is  only  the  apparent 
angle,  for,  owing  to  the  refraction  suffered 
on  passing  from  the  section  of  the  crystal 
to  the  air,  the  true  axial  angle  is  more  oi 
less  increased,  according  to  the  refractive 
index  of  the  given  crystal. 

This  being  understood,  the  fact  already 
stated  is  i-eadily  intelligible,  that  when  the  axial  angle  exceeds  a  certain 
limit,  the  axes  will  suffer  total  reflection  (p.  124),  and  they  will  be  no  longer 
visible  at  all.  When  this  is  the  case,  oil*  or  some  other  medium  with  high 
refractive  power  is  made  use  of,  into  which  the  axes  pass  when  no  lonsrer 
visible  in  the  air.  In  the  instrument  described  a  small  receptacle  holding 
the  oil  is  brought  between  the  tubes,  as  seen  in  the  figure,  and  the  pincers 
holding  the  section  are  immei-sed  in  this,  and  the  angle  measured  as  before. 

In  the  majority  of  cases  it  is  only  the  acute  axial  angle  that  it  is  practi- 
cable to  measure ;  but  sometimes,  especially  when  oil  is  made  use  of,  the 
obtuse  angle  can  also  be  determined  irom  a  second  section  normal  to  the 
obtuse  bisectrix. 


If 


E 
Ho 

n     = 

p  = 


the  apparent  semi-axial  angle  in  air  (f.  402). 
the  apparent  semi-acute  angle  in  oil. 

"        u  «    obtuse    "     "    " 

the  real  (or  interior)  semi-acute  angle  (f.  402). 

"    "      ''        "         semi-obtuse    "     (f .  402). 
index  of  refraction  for  the  oil. 
the  mean  refractive  index  for  the  given  crystallized  substance. 


Almond  oil,  which  has  been  deooloiized  by  ezposoze  to  the  li^^t,  is  commonly  employed. 
10 
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8in  JS'rzr  n Bin  jET.  ;  sin  K  =  5  ein  JT.;  sin  F^  =.-5Bin  B^ 

P  P 

These  formulas  give  the  tnie  interior  angle  from  the  measured  apparent 
angle  when  the  mean  refractive  index  (/S)  is  known. 

If,  however,  it  is  possible  to  measure  both  the  acute  and  obtuse  apparent 
angles,  the  true  angle,  and  also  the  value  of  )8,  can  be  determined^  from 
them.    For  sin  F^,  =  cos  F«,  hence : 

TT        sin  5i     ^  sin  H^  sin  Ho       sin  E 

sm  Ho  sm  F.  cos  F«       sm  F. 

In  measuring  this  angle,  if  white  light  is  employed,  the  colors  being 
separated,  the  position  of  the  hyperbolas  is  a  little  uncertain ;  hence  it  is 
always  important  to  measure  the  angle  for  monochromatic  light,  red  and 
yellow  and  blue  particularly.  This  is  especially  essential  where  the  disper- 
sion of  the  axes  is  considerable. 

Determination  of  the  indices  of  refraction, — The  values  of  the  three 
indices' of  refraction,  a,  )8,  7,  for  biaxial  crystals,  may  be  determined  from 
three  prisms  cut  with  their  ref meting  edges  parallel  respectively  to  the 
three  axes  of  elasticity  a,  b,  and  c.  In  eacn  case,  after  the  angle  of  the 
prism  has  been  mesisured,  the  angle  of  minimum  deviation  must  be  meas- 
ured for  that  one  of  the  two  retracted  rays  whose  vibrations  are  parallel 
to  the  edge  of  the  prism  ;  the  formula  of  p.  124  is  then  employed. 

It  is  possible,  however,  to  obtain  the  values  of  a,  j8,  and  7  with  two 
prisms ;  in  this  case  one  of  the  prisms  must  be  so  made  that  its  vertical  edge 
IS  parallel  to  one  axis  of  elasticity,  while  the  line  bisecting  its  refracting 
angle  at  this  edge  is  parallel  to  a  second.  In  the  case  of  such  9  prism  the 
minimum  deviation  of  the  ray  is  obtained  for  both  rays,  that  having  its 
vibrations  parallel  to  the  prism-edge,  and  that  vibrating  at  right  angles  to 
this,  that  is  parallel  to  the  bisector  of  the  prismatic  angle. 

Of  the  three  indices  of  refraction,  )8  is  one  which  it  is  most  important  to 
determine,  since  by  means  of  it,  in  accordance  with  the  above  formulas, 
the  true  value  of  the  axial  angle  can  be  calculated  from  its  apparent  value 
in. air.  The  prism  to  give  the  value  of  )8  should  obviously  have  its  refract- 
ing edge  parallel  to  the  mean  axis  of  elasticity  b,  that  is  at  right  angles  to 
the  plane  of  the  optic  axes. 

Jjetertnination  of  tlie  positive  or  negative  character  of  biaxial  crystals. 
— The  question  of  the  positive  or  negative  character  of  a  biaxial  crystal  is 
determined  from  the  values  of  the  indices  of  refraction,  where  these  can  be 
obtained.  If  c,  the  axis  of  least  elasticity,  is  the  acute  bisectrix,  the  crystal 
is  optically  positive  ;  if  a,  the  axis  of  greatest  elasticity,  is  the  acute  bisec- 
trix, the  crystal  ie  optically  negative  /  in  the  former  case  tlie  value  of  b  is 
nearer  that  of  t  tlian  of  a,  in  the  second  case  the  reverse  of  this  is  true. 

Tliere  is,  however,  a  more  simple  method  of  solving  the  problem,  as  was 
remarked  also  in  regard  to  uniaxial  crystals.     The  methods  are  similar. 

The  quarter-undulation  mica  plate  may  be  employed  just  as  with  uniaxial 
crystals,  but  its  use  is  not  very  satisfactory  excepting  when  the  axial  diver- 
gejice  is  quite  small.     In  this  case  it  can  be  employed  to  advantage,  the 
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plane  of  the  axes  of  the  crystal  investigated  being  made  to  coincide  with, 
the  vibration-plane  of  one  of  the  Nicols.  The  more  general  method  is  the 
employment  of  a  wedge-shaped  piece  of  quartz ;  this  is  so  cut  that  one  sur- 
face coincides  with  the  direction  of  the  vertical  axis,  and  the  other  makes 
an  angle  of  4°  to  6°  with  it.  By  this  means  a  section  of  varying  thickness  is 
obtained.  The  section  to  be  examined  normal  to  the  acute  bisectrix  is 
brought  between  the  crossed  Nicols  of  the  polariscope  (f.  384),  and  with  its 
axial  plane  making  an  angle  of  45°  with  the  polarization-plane  of  the 
Nicol  prisms ;  that  is,  so  that  the  black  hyperbolas  are  visible.  The  quartz 
wedge  is  now  introduced  slowly  between  the  section  examined  and  the 
analyzer ;  in  the  instrument  figured  a  slit  above  gives  an  opportunity  to 
insert  it  The  quartz  section  is  introduced  first,  in  a  direction  at  right 
angles  to  the  axial  plane,  that  is,  to  the  line  joining  the  hyperbolas,  of  the 

Slate  investigated ;  and  second,  parallel  to  tne  axial  plane,  that  is,  in  the 
irection  of  the  line  joining  the  hyperbolas.  In  one  direction  or  the  other 
it  will  be  seen,  when  the  proper  thickness  of  the  quartz  wed^e  is  reached, 
that  the  central  rings  appear  to  increase  in  diameter,  at  the  same  time 
advancing  from  the  centre  to  the  extremities. 

The  effect,  in  other  words,  is  that  which  would  have  been  produced  by 
the  thinning  of  the  given  section.  If  the  phenomenon  is  observed  in  the 
first  case  when  the  axis  of  the  quartz  is  parallel  to  the  axial  plane,  that  is 
to  the  obtuse  bisectrix,  it  shows  that  this  bisectrix  must  have  an  opposite 
sign  to  the  quartz,  that  is,  the  obtuse  bisectrix  is  negative,  and  the  acute 
bisectrix  positive.  If  the  mentioned  change  in  the  interference  figures 
takes  place  when  the  axis  of  the  quartz  is  at  right  angles  to  the  axial  plane, 
then  obviously  the  opposite  must  be  true  and  tne  acute  bisectrix  is  negative. 

The  same  effect  may  be  obtained  by  bringing  an  ordinary  quartz  section 
of  greater  or  less  thicKuess,  cut  normal  to  the  axis,  between  me  analyzer  and 
the  crystal  examined,  and  then  inclining  it,  fii-st  in  the  direction  of  the 
axial  plane,  and  again  at  right  angles  to  it.  The  method  of  investigation 
with  the  quartz  wedge  can  be  applied  even  in  those  cases  where  the  axial 
angle  is  too  large  to  appear  in  the  air. 

For  the  investigation  of  the  absorption  phenomena  of  biaxial  crystals, 
Bee  p.  161. 

DiarnreuisHmQ  Optical  Characters  of  Orthorhombio  Crtstals. 

In  the  Orthorhomhic  System,^  in  accordance  with  the  symmetry  of  the 
crystallization,  the  three  axes  of  elasticity  coincide  with  the  three  crystallo- 
graphic  axes.  Further  than  this,  there  is  no  immediate  relation  between 
the  two  sets  of  axes  in  respect  to  magnitude,  for  the  reason  that,  as  has  been 
stated,  the  choice  of  the  crystallographic  axes  is  arbitrary,  and  has  been 
made,  in  most  cases,  without  reference  to  the  optical  character. 

Schrauf  has  proposed  that  the  crystallographic  vertical  axis  (c^  should  be 
always  made  to  coincide  with  the  acute  bisectrix,  which  would  be  very 
desii*able,  especially,  as  urged  by  him,  in  showing  the  true  relations  between 
the  orthorhomhic  and  hexagonal  systems.  Of  course,  this  suggestion  can 
be  carried  out  only  in  those  species  in  which  the  optical  character  is  known. 

Soliwaf  (Phjo.  Min.,  p.  802,  808)  hM  ahown  there  la  a  dose  analogj  between  certain 
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orthorhombio  crystals  whose  priflmatio  angle  is  near  120°  (compare  remarks  on  twins,  p  96) 
and  the  crystals  of  the  hexagonal  system.  With  these  the  aoate  bisectrix  is  uniformly  puaJld 
to  the  prismatic  edge,  and  normal  to  the  six-sided  basal  plane,  umlogoos  to  tJie  one  optic  axis  of 
tme  hexagonal  forms.  Moreover,  he  shows  that  the  nearer  the  prismatic  angle  approaches 
120^,  the  less  the  difference  between  the  three  axes  of  elasticity,  and  the  nearer  the  approadi 
to  the  uniaxial  character.  « 

By  the  combination  of  thin  plates  of  a  biaxial  mica  optical  phenomena  may,  under  some 
oonditions,  be  observed  in  polarized  light  which  are  similar  to  those  shown  by  uniaxial  crys- 
tals. Similarly  twins  of  chrysoberyl  (p.  97)  have  been  described  which  in  spots  gave  Uie 
axial  image  of  uniaxial  crystals.  This  subject  has  been  investigated  by  Reusch  (Pogg. 
ozxxvi.,  626,  687,  1869),  and  later  by  Cooke  (Am.  Acad.  Sol,  Boston,  p,  35,  1874). 


Praetieal  Optieai  Investigaiion  of  Orthorhombio  Oryatali, 

Determination  of  the  plane  of  the  optic  axes. — The  position  of  tbe 
three  axes  of  elasticity  in  an  orthorhombio  crystal  is  always  known,  since 
they  must  coincide  with  the  crystallographic  axes ;  but  the  plane  of  the  optic 
aaeSj  that  is,  of  the  axes  of  greatest  (a)  and  least  (c)  elasticity,  must  in  each 
case  be  determined.  This  plane  will  be  parallel  to  one  of  tne  three  diame- 
tral  or  pinacoid  planes.  In  order  to  determine  in  which  the  axes  lie,  it  is 
necessary  to  cut  sections  parallel  to  these  three  directions  ;  one  of  these  three 
sections  will  in  all  ordinary  cases  show,  in  converging  polarized  light,  the 
interference  figures  peculiar  to  biaxial  crystals.  It  is  evident,  too,  that  two 
of  the  three  sections  named  determine  the  character  of  tlie  third,  so  that 
the  plane  of  the  optic  axes  and  the  position  of  the  acute  bisectrix  can  be  iu 
practice  generally  told  from  them. 

Measurement  of  the  axial  angle,  p  "^  v, — From  the  section  showing  the 
axial  figures,  that  is,  normal  to  the  acute  bisectrix,  the  axial  angle  can  be 
measiired  in  the  manner  which  has  been  described  (p.  145).  If  it  is  prac- 
ticable to  determine  also  the  obtuse  axial  angle,  from  a  second  section  nor- 
mal to  the  obtuse  bisectrix,  it  will  be  possible  to  calculate  the  true  axial 
angle  from  these  data,  and  also  the  mean  index  of  refraction  (B). 

There  is  further  to  be  determined  the  dispersion  of  the  axes.     Whether 

the  axial  angle  for  red  rays  is  greater  or 
less  than  for  blue  (p  >  VyOr  p  <  v)  can  be 
seen  immediately  from  the  figure  of  the 
axes,  as  in  f.  la,  li,  in  the  colored   ])late, 

f».  144.  It  is  obviously  true  in  this  case, 
rom  f .  la,  as  also  f.  lb,  that  the  angle  for 
the  blue  rays  is  greater  than  that  for  tlie 
red  {p  <  v),  and  so  in  general.  This  same 
point  is  also  accurately  determined,  of 
oourse,  by  the  measured  angle  for  the  two 
monochromatic  colors. 

In  all  cases  the  same  line  will  be  the 
bisectrix  of  the  axial  angle  for  both  blue 
and  red  rays,  so  that  the  position  of  the 
respective  axes  is  symmetrical  with  refer- 
ence to  the  bisectrix.     In  f.  403,  the  dis- 
irsion  of  the  axes  is  illustrated,  where  p  <  v;   it  is  sliown  also  that  tlie 
£^  B^  and  -5«iP,  bisect  the   angles  of  both   red  (pOp)   and  blue 
lys.     It  also  needs  no  further  explanation  that  for  a  certain  relatioD 
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of  the  refractive  indices  of  the  different  colors,  the  acute  bisectrix  of  the 
axial  angle  for  red  rays  may  be  the  obtuse  bisectrix  for  the  angle  for  blue 
rajs. 

Indices  of  refraction^  etc. — The  determination  of  the  indices  of  refrac- 
tion and  the  character  (+  or  — )  of  the  acute  bisectrix  is  made  for  ortho- 
rhombic  crystals  in  the  same  way  as  for  all  biaxial  crystals  (p.  146).  It  is 
merely  to  be  mentioned  that,  since  the  axes  of  elasticity  always  coincide 
with  the  crystallographic  axes,  it  will  happen  not  infrequently  that  crystals 
without  artificial  preparation  will  furnish,  in  their  prismatic  or  dome  scries, 
prisms  whose  ed^es  are  parallel  to  the  axes  of  elasticity,  and  consequently 
at  once  suitable  for  the  determination  of  the  indices  of  refraction. 


DisTiNGxnsEnNG  Optical  Giiaracters  of  Monoclinic  CRYSTALti 

Position  of  the  axes  of  elasticity. — In  crystals  belonging  to  the  mono- 
clinic  system  one  of  the  axes  of  elasticity  always  coincides  with  the  ortho- 
diagonal  axis  J,  and  the  other  two  lie  in  the  plane  of  symmetry  at  right 
angles  to  this  axis.  Here  obviously  three  cases  are  poseible,  according 
to  which  two  of  the  axes,  a,  b,  or  c,  lie  in  the  plane  of  symmetry. 

Corresponding  to  these  three  positions  of  the  axes  of  elasticity,  there  may 
occur  three  kinds  of  dispersion  of  these  axes,  or  disp&t*sion  of  the  bisectrices. 
This  dispersion  arises  from  the  fact  that,  while  the  i)Osition  of  one  axis  of 
elasticity  is  always  fixed,  the  position  of  the  other  two  is  indeterminate  and 
for  the  same  crystal  may  be  different  for  the  different  coloi-s,  so  tliat  the 
bisectrices  of  the  different  coloi-s  may  not  coincide. 

Diversion  of  the  bisectrices. — 1.  The  bisectrices,  that  is,  the  axes  of 
greatest  and  least  elasticity,  lie  in  the  plane  of  sym- 
metry, while  the  orthodiagonal  axis  b  coincides  with  b. 
The  optic  axes  here  suffer  a  dispersion  in  this  plane 
of  synnnctry,  and,  as  already  stated,  they  do  not  lie 
Bymmetncally  with  reference  to  the  acute  bisectrix. 
I'his  is  illusti-ated  in  f.  404,  where  J/Jf  is  the  bisec- 
trix for  the  angle,  vOv\  and  BB  for  the  angle  pOp\ 
This  kind  of  dispersion  is  called  by  DesCloizeaux 
inclined  (dispersion  inclin^e). 

2.  The  second  case  is  that  where  the  plane  of  the 
optic  axes  is  perpendicular  to  the  plane  of  symmetry, 
and  the  acute  bisectrix  stands  at  right  angles  to  tlie 
orthodiagonal  axis  b.  In  other  words,  the  acute 
bisectrix  and  the  axis  of  mean  elasticity  both  lie  in 
the  plane  of  symmetry.  In  this  case  also  dispersion 
of  the  axes  may  take  jplace,  and  in  this  way — the 
plane  of  the  optic  axes  for  all  the  colors  lies  parallel  to  the  orthodiagonal, 
but  these  planes  may  have  different  inclinations  to  the  ve  "tical  axis.  This 
IB  called  horizontal  dis()er8ion  by  DesCloizeaux. 

3.  Still  again,  in  the  third  place,  the  plane  of  the  optic  axes  lies  pcrpen 
dicular  to  thd  plane  of  symmetry ;  but  in  this  case  the  acute  bisectrix  is 
parallel  to  the  crystallographic  axis  6,  so  that  the  obtuse  bisectrix  and  axis 
of  mean  elasticity  lie  in  the  plane  of  symmetry.    The  dispei'sion  which 
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roBiilts  in  this  case  is  called  bj  DesCloizeaux  crossed  (dispersion  toaruante; 
or  crois^e). 

Dispersion  as  shovm  in  the  interference  figures. — ^If  an  axial  section 
of  a  raonodinic  ciTStal  be  examined  in  converging  polarized  light,  the  kind 
of  dispersion  which  characterizes  it  will  be  indicated  by  the  nature  of  the 
interference  figures  observed  :  the  three  cases  are  illustrated  by  the  figures 
upon  the  frontispiece,  taken  irora  DesCloizeaux. 

Fi  <j;8.  1  a,  1 J  represent  the  interference  figures  for  an  orthorhombic  crystal 
(nitre),  characterized  by  the  symmetry  in  the  size  of  the  rings,  and  the 
distribution  of  the  colors.  Figs.  2a,  2i  (diopside),  3a,  3 J  (orthocTase),  4a,  4ft 
(l)orax),  are  examples  of  the  corresponding  figures  for  monoclinic  crystals, 
characterized  as  such  more  or  less  distinctly  by  the  want  of  symmetry  in 
the  size  of  the  rings  about  the  two  axes,  and  the  irregularity  in  the  an^ango- 
ment  of  the  colors. 

(1)  Inclined  dispersion, — Where  the  axes  are  not  symmetrically  situated 
with  reference  to  the  acute  bisectrix.  The  relation  of  the  two  axial  figures 
is  illustrated  by  f.  405.     In  f.  2a,  2ft  this  kind  of  dispersion  is  indicate  by 
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the  position  of  the  red  and  blue  at  the  centres  of  the  rings,  and  on  the 
borders  of  the  hyperbolas,  compare  f.  la,  1ft  of  the  normal  figure,  where 
there  is  no  dispersion  of  the  bisectrices. 

(2)  Horizontal  dispersion^  where  the  planes  of  the  optic  axes  for  the 
different  coloi-s  make  different  angles  with  the  axis. — This  is  illustrated  by 
f.  406.  The  effect  upon  the  interference  figures  is  seen  in  f.  3a,  3ft' of  the 
phite,  by  comparing  the  colors  within  the  rings  (f.  3a),  and  on  the  borders 
of  the  hyperbolas  (f.  3ft),  with  f.  la,  1ft. 

(3)  Crossed  dispersion^  where  the  acute  bisectrix  coincides  with  the 
crvstallographic  axis  ft. — This  is  illustrated  in  f.  407,  and  the  interference 
ligmes  belonging  to  this  kind  of  dispersion  are  seen  in  f.  4a,  4ft  of  the  plate, 
compared  as  beiore  with  la,  1ft,  and  with  the  other  figures. 


PraeUeal  Optical  Investigation  of  MonoeUnie  Oryttdk, 

Determination  of  the  position  of  the  axes  of  elasticity^  thM  isy  the  direc- 
tions of  vibration.  Stauroscope. — The  position  of  one  axis  of  elasticity  is 
alone  known,  since,  as  has  been  stated,  it  coincides  with  the  crystallographic 
axis  ft.  In  order  to  determine  the  position  of  the  other  axes  in  the  plane  of 
symmetry,  where  they  necessarily  lie,  use  is  made  of  an  instrument,  first 
^•roposed  by  von  Kobell,  called  the  Staueoscope.  The  principle  of  this 
ment  is  very  simple.  Suppose  that  the  two  Nicols  in  the  polari- 
ffc  886)  have  their  planes  of  polarization  crossed,  causing  the  maxi- 
^■^nction  of  light.    Now,  if  a  section  of  any  biaxial  crystal  is  brought 
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between  them,  obviously,  if  the  position  of  its  two  rectangular  axes  of 
elasticity,  which  are  its  two  directions  of  vibration,  coincide  with  those  of 
the  two  Nicols,  it  will  produce  no  change  in  appearance  ;  the  field  of  the 
prJariscope,  which  was  dark  before,  remains  dark.  But  suppose,  on  the 
other  hand,  that  it  is  placed  in  any  other  position  in  the  plane,  so  that  its 
two  rectangular  directions  of  vibration  do  not  coincide  with  those  of  the 
Nicols,  the  field  is  no  longer  dark,  but  more  or  less  liglit.  The  reason  ior 
this  is,  that  the  light  from  the  lower  Nicol  meeting  the  crystal  plate  is 
separated,  according  to  the  law  of  the  parallelogram  of  forces,  ink)  two  sets 
of  vibrations,  which  are  again  resolved  by  the  analyzing  Nicol,  and  only  one 
set  extinguished  by  it.  Ii,  however,  the  plate  be  gradually  changed  in  posi- 
tion, that  is,  revolved  horizontally,  until  its  vibration-directions  (axes  of 
elasticity)  coincide  with  those  of  the  Nicols,  then,  as  at  first,  the  light  is  ex- 
tinguished. If  the  angle  is  measured  which  it  is  necessary  to  revolve  the 
section  to  accomplish  tne  result  just  remarked,  that  will  be  tlie  angle  be- 
tween the  direction  of  one  of  the  axes  of  elasticity  of  the  plate  in  its  original 
position  and  the  vibration-plane  of  the  Nicol. 

In  figure  408,  let  the  two  larger  rectangular  arrows  represent  the  vibration- 
directions  for  the  two  Nicols,  and  between  the  two 
prisms  suppose  a  section  of  a  monoclinic  crystal, 
abcdy  to  be  placed  so  that  one  edge  of  a  known  crys- 
tallographic  plane  (eg.^  i-i)  coincides  with  one  of 
these  lines.  The  field  of  the  microscope,  dark  before, 
since  the  prisms  were  cix)ssed,  is  no  longer  so,  and 
becomes  dark  again,  as  explained,  only  when  the 
crystal  is  revolved  so  that  its  vibration-directions 
(the  smaller  dotted  arrows)  coincide  with  those  of 
tlie  Nicols,  which  is  indicated  by  the  maximum 
extinction  of  the  light  The  crystal  has  then  the 
position  ab'c'd'.  The  angle  (r.  408),  which  it 
has  been  necessary  to  revolve  the  plate  to  obtain 
the  effect  described,  is  the  angle  which  one  of  the  axes  of  elasticity  in  the 
given  plate  makes  with  the  given  crystallographic  edge  i-i. 

The  preceding  explanations  cover  everything  that  is  essential  in  the 
Stauroscope ;  but  a  A^ariety  of  improvements  have  been  introduced,  which 
practically  make  the  measurements  by  means  of  the  instrument  much  more 
easy  and  accurate. 

It  will  be  seen  that  the  most  important  feature  is  the  point  where  the 
maximum  extinction  of  the  light  occurs  ;  this,  however,  is  not  easy  for  the 
eye  to  decide  upon,  and  if  the  trial  is  made,  it  will  be  found  that  the  change 
produced  by  a  revolution  of  several  degrees  is  hardly  perceptible.  To 
overcome  this  difiiculty,  von  Kobell  proposed  to  introduce  a  section  of  cal- 
cite  just  below  the  analyzer,  because  its  interference  figure  gives  a  better 
opportunity  to  judge  of  a  change  in  the  intensity  of  the  light.  A  still  better 
plan  is  to  introduce  a  composition  plate  of  calcite,  as  proposed  by  Brezina, 
giving  a  peculiar  interference  figure,  a  very  slight  change  in  which  destroys 
Its  symmetry,  and  it  takes  its  normal  form  only  when  the  planes  of  polariza- 
tion of  the  two  Nicols  are  exactly  at  right  angles.  Supposing  this  to  be  the 
case,  when  the  crystal  has  been  introduced  the  interference  figure  is  disturbed, 
it  returns  to  its  normal  appearance  only  when  the  crystal  has  been  revolved 
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to  the  point  where  the  vibration-directions  of  the  Nicola  and  crystal  Bcctitm 
exactly  coincide. 

It  will  be  observed  again,  tliat  it  is  essential  that  the  direi^ion  of  the 
known  edge  of  the  crvaral  shonld  be  exactly  parallel  to  the  vibration-direc- 
tion of  one  of  the  t^icols.  This  condition,  in  tlie  case  of  Binall  crystals 
especially,  is  liard  to  fulfil,  and  to  accomplish  it  most  eatisfactorily  Groth 
has  proposed  to  use  the  plate  shown  in  f.  409. 

Tne  plate  of  glass,  v,  held  in  its  present  pofiition  by  the  spring,  has  one 
edge  polished,  which  adjoins  u,  and  the  direction 
of  this  is  made  to  coincide  exactly  with  the  line 
joining  the  o)>po6ite  zero  points  of  the  ?radna- 
tion.  The  crystal  section  is  attached  to  tins  plate 
over  the  liole  seen  in  v,  and  with  a  plane  of 
known  crystal] I >graphic  position,  either  {?,*-»  or 
a  plane  in  that  zone  or  a  cor  responding  edge, 
coinciding  with  the  direction  of  the  polislied  edge 
of  the  plate.  Whether  this  coincidence  is  exact 
can  be  tested  by  the  reflective  goniometer.  In 
order  to  eliminate  any  small  error,  Groth  pro- 
poseu  to  measure  tlie  divergence  from  the  exact 
coincidence,  and  then  to  mako  a  corresponding 
correction,  for  which  he  furnishes  a  aeries  of  tables. 

After  the  adjustment  of  the  crystal  section  on  the  plate,  the  latter  is 
inserted  in  its  place,  the  whole  plate,  I,  k,  occupying  the  position  indicated 
in  f.  3S5,  mid  tlie  Nicola  so  adjusted  that  the  plane  of  vibration  of  one 
coincides  with  the  line  0°  to  ISU  .  The  angle  of  revolution  of  tlie  plate,  I, 
is  obtained  from  the  graduated  Bcale  on  k. 

It  is  not  always  easy  to  make  the  adjustment  of  the  Nicols  alluded  to, 
but  the  error  arising  when  the  vibration-plane  of  the  Is  icol  does  not  coincide 
with  the  line  0°  to  180°  is  easily  eliminated.  This  is  accomplished  by  remov- 
ing the  plate  v,  and,  without  disturbing  the  cr^'stal  section,  restoring  it  to 
its  place  in  an  inverted  pf>aition.  The  measured  angle,  If  before  too  great, 
will  now  be  as  much  tcxi  small,  and  the  arithmetical  mean  of  the  two 
measurements  will  be  the  true  angle. 

Itcfeit^nce  further  may  be  made  to  Gi-()th,  Pogg.  Ann.,  cxliv.,  34,  1871. 
Detemiination  of  t/ie  plane  of  the  optic  axes. — The  investigation  of  a 
section  of  a  monocliruc  crystal  parallel  to  the  plane  of  symmetiy  determines 
tlie  jKieition  of  the  two  remaining  axes  of  elasticity,  but  it  does  not  fix  the 
relative  position  of  the  greatest  and  least  axes  of  elasticity,  that  is,  the  plane 
of  the  oirtic  axes.  To  solve  the  latter  point,  sections  normal  to  each  of  the 
three  axes  must  be  examined  in  converging  polarized  light,  and  one  of 
tlieui  will  show  the  characteristic  interference  figures.  Tlie  section  parallel 
to  tlic  piano  of  syminctry  is  fii'St  to  be  examined,  and  if  it  does  nut  slu>w 
the  axes  even  in  oil,  one  or  both  of  the  other  sections  spoken  of  must  be 
employed. 

Axutl  angle,  di*persion,  etc. — The  method  of  meosnring  the  axial  angle 
Imb  been  already  explained,  and  if  this  is  determined  for  the  different  coloi's 
it  will  determine  the  diapei-siou  of  the  axes  p  "^ti. 
I^^Tlte  dispersion  of  the  axes  of  elasticity  lias  been  shown  to  be  always 
^Mhatad  by  the  uUai'avter  of  iuterfereuco  figures  j  its  amount,  whei-e  cou* 
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fiiderable,  may  be  determined  by  making  the  stauroecopic  measurements  for 
different  colors. 

The  remaining  points  to  be  investigated,  the  indices  of  refraction,  and 
the  -f  or  —  character  of  the  crystal,  need  no  further  explanation  beyond 
that  which  has  been  given,  pp.  146, 147. 

DiarmouisHiNG  Optical  Chabacters  op  TBiCLmic  Cbtstals. 

The  crystals  of  the  triclinic  system  are  characterized  by  their  entire  want 
of  crystallographic  symmetry,  the  position  and  inclination  of  the  axes  being 
entirely  arbitrary,  and  it  follows  from  this  that  there  is  no  necessary  connec- 
tion between  them  and  the  rectangular  axes  of  elasticity.  More  than  one  of 
the  three  kinds  of  dispei-sion  mentioned  on  p.  150  may  occur  in  a  single 
crystal,  and  the  interference  figures  will  indicate  the  existence  of  both. 

The  practical  investigation  of  triclinic  crystals  optically  involves  great 
difficulty ;  in  general  a  series  of  successive  trials  are  required  to  determine 
the  position  or  the  axes  of  elasticity.  When  these  are  found,  the  axial  sec- 
tions can  be  prepared  and  the  axial  angle  determined,  and  the  other  points 
settled  as  with  other  biaxial  crystals. 

Epfbct  of  Heat  upon  the  Optical  Chabactebs  of  Cbtstals. 

In  addition  to  the  ordinary  investigation  of  crystal-sections  in  the  polari- 
scope,  it  is  often  important  to  determine  the  influence  of  heat  upon  the 
optical  character  of  crystals.  The  axial  angle  may  be  tneasured  at  any 
required  temperature  by  the  use  of  a  metal  air-bath.  This  is  placed  at  6', 
(f.  401),  and  extends  beyond  the  instrument  on  either  side,  so  as  to  allow 
of  its  being  heated  with  gas  burners ;  a  thermometer  inserted  in  the  bath 
makes  it  possible  to  regulate  the  temperature  as  may  be  desired.  This  bath 
has  two  openings,  closed  with  glass  plates,  corresponding  to  the  two  tubes 
carrying  the  lenses,  and  the  crystal-section,  held  as  usual  in  the  pincei-s,  is 
seen  through  these  glass  windows. 

Tlie  conchisions  of  DesCloizeaux  (see  Literature)  as  to  the  influence  of 
heat  upon  the  optical  characters  of  crystals  are  as  follows : 

(1)  Uniaxial  crystals  appear  to  be  uninfluenced  by  a  heating  of  from  10° 
to  190°  C.  (2)  Biaxial  crystals  of  the  orthorhombic  system  suffer  a  greater 
or  less  change  in  axial  angle.  (3)  Biaxial  crystals  of  the  jnonoclinio  system 
Buffer  a  cliange  in  axial  angle,  and  in  addition  also  in  the  plane  of  the  axes 
when  it  is  not  the  plane  of  symnietj-y.  Triclinic  crystals  also  show  a  little 
change  in  the  position  of  the  axes. 

A  striking  example  of  the  change  in  axial  divergencje  is  furnished  by 
gvpsum.  At  ordinary  temperatures  the  axes  lie  in  the  plane  of  symmetry 
{i'l) ;  at  80°  C.  they  unite  in  a  line  making  an  angle  of  37°  28'  with  a  normal 
to  O ;  and  with  an  increased  temperature  they  again  separate  in  a  plane 
perpendicular  to  i-i.  DesCloizeaux  found  that  the  feldvSpai*s,  when  heated 
up  to  a  certain  point,  suffer  a  change  in  the  position  of  the  axes,  and  if  the 
heat  becomes  greater  and  is  longcontinued,  they  do  not  return  again  to  their 
original  position,  but  remain  altered.     Weiss*  has  made  use  of  this  principle 

*  Zur  Kftnntmjjwt  der  FeldBpathbildung ;  Haarlem  Soo.  VerhandL,  xxv.,  1866. 
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to  determine  at  what  temperature  certain  feldspathic  rocks  were  formed 
Tliis  constant  change  of  axial  angle  upon  heating  is  true  also  of  brookite, 
zoisite,  and  other  minerals.     The  investigations  of  PfafF  show  that  the  opti- 
cal properties  of  some  uniaxial  crystals  also  are  affected  by  heating,  though 
to  no  great  extent.    Pogg.,  cxxiii.,  179,  cxxiv.,  448,  etc. 


Anomalies  Exhibited  bt  some  Ortstals  in  theib  Optical  Phbnom[bna. 

There  are  a  considerable  number  of  crystals  of  the  three  classes,  which, 
from  a  variety  of  causes,  exhibit  irregularities  in  their  optical  characters ; 
some  of  tbe  more  important  cases  are  mentioned  here. 

Isovietric  ct^yataU, — Boracite,  and  also  senarmontite,  sometimes  exhibit 
interference  figures  resembling  closely  those  of  biaxial  crystals.  In  the 
case  of  bomcite  this  is  explained  by  DesCloizeaux  as  due  to  the  presence 
of  enclosed  crystals  of  parasite  formed  by  alteration.  Perofskite  is  also 
strongly  doubly  refracting,  and  in  polarized  light  appears  to  be  biaxial, 
although,  as  shown  by  Kokscharow,  it  is  isometric  in  crystallographic  rela- 
tions. The  irregularities  are  supposed  by  him  to  be  caused  by  the  want  of 
homogeneity  in  the  internal  structure  of  the  crystals. 

The  properties  of  double  refraction  possessed  by  some  substances,  crystal- 
lized and  non-crystallized,  which  are  normally  isotrope,  are  explained  by 
Biot*  to  be  due  to  lamellar  polarization.  This  is  analogous  to  the  produc- 
tion of  polarized  light  by  means  of  a  series  of  thin  plates  (see  p.  128). 
Alum  crystals  have  often  the  lamellar  structure,  which  causes  these  pheno- 
mena. 

Analcite  and  leucite  have  been  included  in  the  list  of  isometric  crystals, 
which  exhibit  anomalous  optical  characters ;  but  the  most  accurate  crystal- 
lographic determination  has  referred  both  species  to  the  tetragonal  system. 
Tension  or  compression  at  the  time  of  crystallization  may  cause  isotropic 
crystals  to  polarize  light ;  Schrauf  has  described  a  uniuxud  diamond,  and 
it  was  \o\\^  since  shown  by  Brewster  that  some  diamonds  give  evidence  in 
2X)larized  light  of  compression  about  interior  cavities. 

Uniaxial  crystals. — A  want  of  homogeneity  in  the  crystals,  as  shown  by 
DesCloizeaux,  may  cause  uniaxial  crystals  to  exhibit  in  polarized  light  a 
variety  of  abnormal  phenomena.  In  some  cases  the  axial  figures  resemble 
those  of  biaxial  crystals,  the  cross  in  the  middle  of  the  field  (f.  390)  not 
being  closed,  but  separated  into  two  hyperbolas,  lying  near  each  other. 
Beryl,  zircon,  vesuvianite,  and  apatite  are  examples.  That  such  crystals 
are  nevertheless  uniaxial  is  proved  by  the  fact  that  the  opening  of  the  cross 
is  independent  of  the  position  of  the  Kicols,  and  is  not  altered  if  the  section 
is  turned  in  a  horizontal  plane.  If  this  is  not  true,  or  if,  when  the  section 
is  heated  (p.  153)  the  distance  between  the  hyberbolas  is  altered,  it  is  a 
proof  that  the  irregularity  is  not  due  to  lamfellar  polarization,  but  that  the 
two  indices  of  retraction  are  not  exactly  equal,  and  consequently  that  the 
crystal  is  not  strictly  uniaxial.  In  such  cases  a  revision  of  the  crystallo- 
graphical  elements  is  desirable. 

Ihe  axial  figure  shown  by  a  section  of  apophyllite  is  peculiar,  exhibiting 

— ^ —  ■      — ^»^^ 

*  Biot,  Eeoherches  fsox  la  polarisation  lameUaire,  0.  E.,  xii.,  741,  803,  871,  96Z 
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a  scries  of  rings  alternately  dark  violet,  and  yellow.  The  explanation  is 
found  in  the  fact  previously  stated,  that  it  is  positive  for  red  rays,  negative 
for  blue,  and  does  not  doubly  refract  yellow  light. 

Among  biaxial  crystals  irregularities  in  the  optical  phenomena  are  often 
observed.  They  are  due  in  part  to  want  of  homogeneity,  in  part  to  twin 
6triictui-e,  and  also  to  other  causes.  In  brookite  the  planes  of  the  axes  for 
i-ed  and  blue  rays  are  at  right  angles  to  each  other,  and  hence  the  axial 
ligui-es  vary  much  from  those  normally  observed ;  in  titanite  the  axial  angle 
for  the  two  colors  is  widely  different,  and  this  also  gives  rise  to  an  axial 
figure  of  abnormal  appearance. 

Irregular  structure,  due  to  twinning,  is  a  frequent  cause  of  peculiar  opti- 
cal phenomena ;  crystals,  in  extenialfonn  apparently  simple,  often  show 
themselves  to  be  made  up  of  irregular  banded  layers  in  twinned  position, 
when  examined  in  polarized  light ;  this  is  true  of  many  minerals. 

In  some  crystals,  as  occasionally  in  the  epidote  from  the  Untersulzbach- 
thal  in  the  Tyrol,  the  biaxial  figures  may  be  observed  immediately,  without 
the  use  of  the  polariscope.  This  is  due  to  the  complex  twinned  structure 
of  the  crystal,  a  thin  lamella  in  reverse  position  being  enclosed  in  the 
interior,  so  that  the  parts  of  the  crystal  on  either  side  act  as  polarizer  and 
analyzer. 


PraeU'cai  Suggestions  m  regard  to  the  Preparation  and  tue  of  Crystal  Sections  made  for 

Optical  Examination, 

The  most  important  task  U  the  preparation  of  a  plate  for  examination  in  the  Staoroscope, 
or  for  the  obeervation  of  the  axial  interference-figures.  In  this  we  are  often  assisted  by  the 
cleavage,  which  sometimes  makes  it  possible  to  obtain  the  required  section  without  the  labor 
of  cutting  it.  This  is  conspicuously  the  case  with  mica ;  also  with  topaz  and  anhydrite,  and 
other  minerals.  Sometimes  the  natural  surfaces  need  to  be  made  smooth  and  polished. 
Furthermore  natural  crystals  sometimes  occur  in  a  tabular  form,  thin  and  transparent  enough 
to  answer  the  purx>ose ;  this  is  true  of  the  crystals  of  wulfenite  from  Utah.  In  most  cases, 
however,  the  section  must  be  actually  cut.  The  means  required  in  such  cases  vary  with  the 
hardness  of  the  mineral  under  examination.  For  the  hardest  minerals  diamond  powder  is 
made  use  of  in  grinding;  it  is  employed  after  the  manner  of  the  lapidary.  (It  may  be  men- 
tioned here  that  the  investigator  will  generally  find  it  for  his  interests,  both  as  regards  time, 
money,  and  accuracy  of  results,  to  employ  a  lapidary  to  do  this  work  for  him. )  The  diamond 
powder  is  appUed  to  a  thin  wheel  of  soft  iron  or  copper,  rotating  on  a  lathe. 

For  minerals  which  are  not  so  extremely  hard,  good  emery  may  be  used  instead  of  diamond 
powder.  It  is  merely  necessary  to  apply  the  emery  and  water  to  the  edge  of  the  wheel  as  it 
revolves,  the  mineral  being  held  firmly  against.  A  neater  and  more  advantageous  method, 
where  the  amount  of  material  is  smaJl,  is  the  use  of  a  fine  saw,  or  better  wire,  mounted  in  a 
frame,  and  used  with  either  diamond  powder  or  emery  moistened  with  water  or  oil.  The 
crystal  may  be  mounted  in  wax  or  otherwise,  if  very  BmaH ;  sometimes  a  holder  made  of  cork 
is  convenient. 

The  direction  in  which  the  slice  is  to  be  cut  ia  of  the  highest  importance,  and  can  often  bo 
indicated  at  first  by  a  scratch  across  a  plane  uf  a  ciystaL  In  many  cases  it  is  more  simple  to 
grind  on  a  surface  in  the  proper  direction,  and  this  can  be  easily  accomplished  by  holding  the 
clystal  against  a  fine-grained  emery  wheel  rotating  on  a  lathe.  It  con  be  held  either  in  the 
fingers,  or  cemented  to  a  smaU  piece  of  glass,  for  instance  with  Canada  balsam. 

Another  way,  more  simple  as  demanding  no  instruments,  is  to  make  use  of  a  flat  pieoe  of 
plate  glass,  not  too  small,  on  which  the  crystal  is  ground  with  moistened  emery,  being  care- 
folly  moved  about  with  the  hand.  In  some  cases  a  file,  or  even  a  knife,  may  be  used,  where 
the  mineral  in  hand  is  soft. 

Whatever  method  of  g^nding  is  adopted,  it  is  necessary  to  exercise  great  care  to  bring  the 
artificial  surface  into  exactly  the  proper  direction.     This  can  be  determined  only  as  its  indina 
tions  to  existing  crystalline  planes,  or  cleavage  sorfaoes,  are  measured,  and  practically  it  is 
often  to  stop  the  roik  and  test  what  has  been  done.    The  parallel  intezseotioni 
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will  often  show  the  degree  of  correctness  in  the  work.  For  porpones  of  measoiement  it  ii 
necessary  to  polish  the  artificial  plane,  or  instead,  a  small  piece  of  thin  gla«s  may  be  oementi^ 
on  where  the  crystal  is  too  small  for  the  use  of  the  hand-goniometer.  It  is  of  coune  neoesmy 
to  know,  before  starting,  the  angle  which  the  new  plane  will  make  with  the  natural  planes 
which  are  already  present.  When  one  plane  in  the  required  direction  has  been  obtained,  ii 
is  a  comparatively  simple  process  to  obtain  a  second  parallel  to  it,  though  care  must  be  exer- 
cised to  attain  accuracy. 

The  required  section  having  been  cut,  it  remains  only  to  polish  the  surfaces.  The  means 
required  differ  so  widely,  according  to  the  hardness  of  the  mineral,  that  no  fixed  rule  can  be 
given.  The  most  commonly  used  polishing  powder  is  the  English  red,  or  colcothar,  which 
may  be  used  on  the  plate  of  gl&«s,  or  leather  surface,  or  on  a  revolving  wheel  covered  with  a 
soft  cloth.  In  other  cases  oxide  of  tin  or  fine  chalk  is  used  ;  and  again  the  simple  plate  of 
ground  pi  ass  will  answer  the  purpose  without  the  use  of  any  other  means.  As  a  rule,  the 
hardest  minerals  take  the  polish  most  readily.  Sometimes  the  only  method  practicable  is  to 
use  small  fragments  of  thin  glass,  adhering  with  balsam,  by  which  transparency  is  obtained 
without  polLeSi,  though  errors  are  easily  introduced  by  this  means  when  sufficient  caze  is  not 
exercised. 

The  preparation  of  prisms  for  the  measurement  of  the  indices  of  refraction  is  practically 
much  more  difficult  than  that  of  a  simple  section,  but  in  general  the  methods  are  the  same. 

It  is  often  advisable  to  examine  a  mineral  microscopically  when  a  slice  in  a  particular  direc- 
tion is  not  needed.  In  such  cases  use  can  be  made  of  the  methods  employed  in  making  rock 
slices.  A  revolving  wheel  of  soft  iron,  vertical  or  horizontal,  is  employed,  on  the  lateral  sur- 
face of  which  the  substance  is  ground  with  the  use  of  emery  moistened  with  water.  A  thin 
slice,  or  thin  fragment  broken  off,  is  taken  to  commence  with.  First  one  surface  is  ground 
smooth  and  polished.  The  piece  is  then  cemented  to  a  little  plate  of  thick  glass  with  balsam, 
and  the  other  side  ground  down  parallel  to  the  first,  the  grinding  being  continued  until  the 
required  degree  of  transparency  is  obtained.  Obviously  when  the  section  becomes  thin  and 
fragile,  the  coarse  emery  must  be  replaced  with  fine,  and  a  considerable  degree  of  t»tf e  exer- 
cised. The  section  obtained  is  generally  removed  to  another  slip  of  glass  and  mounted  with 
balsam  under  a  thin  glass  cover. 

The  microscopic  investigation  of  minerals,  by  means  of  thin  slices,  is  of  the  highest  import- 
ance, aside  from  optical  investigations.  Every  chemical  analysis  should  be  preceded  by  such 
an  examination  to  test  the  purity  of  the  material  in  hand.  Where  a  transparent  section  can- 
not be  obtained,  a  single  polished  surface,  examined  by  reflected  light,  will  often  snffioe  to 
decide  the  same  point. 

The  valuable  investigations  of  Vogelsang,  Fischer,  Rosenbusch,  and  others,  referred  to  on 
pp.  108  to  1 1 1 ,  show  how  many  minerals,  which  at  first  glance  seem  perfectly  pure,  are  f ouikl 
to  enclose  impurities  considerable  in  variety  and  amount. 
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DIAPHANEITY;    COLOR;    LUSTRE. 

There  are  certain  characteristics  belonging  to  all  minerals  alike,  crystal" 
lized  and  non-crystallized,  in  their  relation  to  light.     These  are  : 

1.  Diaphaneity  ;  depending  on  the  power  of  transmitting  light. 

2.  Color  ;  depending  on  the  kind  of  light  reflected  or  transmitted. 

3.  Lustrk;  depending  on  the  power  and  manner  of  reflecting  light 


1.   DlAPHANETTY. 

The  amount  of  light  transmitted  by  a  solid  varies  in  intensity,  or,  in  other 
words,  of  the  light  received  more  or  less  may  be  absorbed.  The  amount 
of  absorption  is  a  minimum  in  a  perfectly  transparent  solid,  as  ice,  while  it 
is  greatest  in  one  which  is  opaqne,  as  iron.  The  following  terms  are  adopted 
to  express  the  different  degrees  in  the  power  of  transmitting  light : 

Transparent :  when  the  outline  of  an  object  seen  through  the  mineral  is 
perfectly  distinct. 

Subtransparenty  or  semi-transparent:  when  objects  are  seen,  but  the 
outlines  are  not  distinct. 

Translticent :  when  light  is  transmitted,  but  objects  are  not  seen. 

Subtransluoent :  when  merely  the  edges  transmit  light  or  are  trans- 
lucent. 

When  no  light  is  transmitted,  the  mineral  is  said  to  be  opaque.    This  is 

f)roperly  only  a  relative  term,  since  no  substance  fails  to  transmit  some 
ight,  if  made  siifiiciently  thin.  Magnetite  is  translucent  in  the  Pcnnsbury 
mica.  The  recent  researches  of  rrot  A.  W.  Wright  have  shown  tliat  by 
means  of  the  electrical  current  the  metals  may  be  volatilized  and  deposited 
again  on  the  sides  of  the  surrounding  glass  tube.  The  layers  thus  lormed 
are  perfectly  continuous,  but  so  thin  as  to  be  transparent.  By  transmitted 
light  the  layer  of  gold  thus  obtained  appears  green,  and  that  of  silver  a 
beautiful  blue. 

The  property  of  diaphaneity  occurs  in  the  mineral  kingdom,  in  every 

degree  from  nearly  perfect  opacity  to  a  perfect  transparency,  and  many 

minerals  present,  in  tneir  numerous  varieties,  nearly  all  tne  different  shades. 

The  absorption  of  light  in  its  relation  to  the  axes  of  elasticity  is  spoken 

of  on  p.  161. 

2.   COLOB. 

Cause  of  color, — ^The  color  of  a  substance  depends  upon  its  power  of 
absorbing  certain  portions  of  the  light,  that  is,  certain  rays  of  the  spec  trum ; 
a  yellow  mineral,  lor  instance,  absorbs  all  the  rays  of  the  spectrum  with  the 
exception  of  the  yellow.  In  general  the  color  which  the  eye  perceives  is 
the  result  of  the  mixture  of  Uiose  rays  which  are  not  absorbed.  All  min- 
erals may  be  divided  into  two  classes :  (1)  those  whose  color  is  essential  and 
belongs  to  the  finest  particles  mechanicallv  made ;  (2)  those  whose  color  ia 
nou-eeaential  and  in  the  fine  powder  is  different  from  what  it  is  in  the  masa 
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Streak, — ^It  is  obvious  from  these  distinctions  that  the  color  of  the 
powder,  or  the  8treak^  as  it  is  called,  is  often  a  very  important  quality 
}n  distinguishing  minerals.  The  streak  is  obtained  by  scratching  the  sur- 
face of  the  mineral  with  a  knife  or  file,  or  still  better,  if  not  too  hard,  by 
rubbing  it  on  an  unpolished  porcelain  surface. 

To  the  first  class,  mentioned  above,  belong  the  metals,  and  many 
metallic  minerals ;  for  instance,  the  streak  of  the  olack  manganese  oxides  is 
black  ;  that  of  hematite,  which  is  red  by  transmitted  light,  is  red,  and  so 
on.  To  the  second  class  belong  the  silicates,  and  in  fart  the  large  part 
of  all  minerals.  With  them  the  color  is  often  quite  unessential,  being  gen- 
erally due  to  small  admixtures  of  some  metallic  oxide,  to  some  carbon  com- 
pound, or  some  foreign  substance  in  a  finely  divided  state.  Most  of  these 
nave  a  white  or  light-colored  streak.  For  example,  the  streak  of  blacky 
green^  red^  and  hlvs  tourmaline  varies  little  from  white. 


Yakietibb  of  Oolob. 

The  following  eight  colors  have  been  selected  as  fundamental,  to  facilitate 
the  employment  of  this  character  in  the  description  of  minerals:  white^ 
graj/y  htack^  hlue^  greeuy  yeUow^  redy  and  hrovm. 


a.  Metallic  Colora. 

1.  Copper-red:  native  copper. — 2.  Bronze-yellow  :  pyrrhotite. — 8.  JBras^- 
yellow :  chalcopyrite. — i.  Gold-yellow. — 5.  Silver-white  :  native  silver,  less 
distinct  in  arsenopyrite. — 6.  Tin-white:  mercury,  cobaltite. — 7.  Lead-gray : 
galenite,  molybdenite. — 8.  Steel-gray:  nearly  the  color  of  fine-grained 
steel  on  a  recent  fracture ;  native  platinum,  and  palladium. 


b.  Non-metallic  Colors. 

A.  WnrPE.  1.  Snow-^ohite :  Carrara  marble. — 2.  lieddishrwhite :  some 
varieties  of  calcite  and  quartz. — 3.  Yellowish-white  :  some  varieties  of  cal- 
cite  and  quartz. — 4.  Orayish-white :  some  varieties  of  calcite  and  quaitz. 
— 5.  Oreenish-white :  talc. — 6.  Milk-white:  white,  slightly  bluish;  some 
chalcedony. 

B.  Gray.  1.  Bluish-gray:   gray,  inclining  to  a  dirty  blue  color. — 2. 


eye,  some  varieties  or  talc. — o.   X etcowisa-gray 
compact  limestone. — 6.  Ash-gray  :  the  purest  gray  color ;  zoisite. 

C.  Black.   1.    Orayish-black :    black,   mixed   with  gray   (without  any 

frreen,  brown,  or  blue  tints) ;  basalt,  Lydian  stone. — 2.    Velvet-black  :  pure 
)lack ;  obsidian,  black  tourmaline. — 3.  Ore^nish-black :  augite. — 4.  Brown- 
ish-black :  brown  coal,  lignite. — 5.  Bluish-ilxick  :  black  cobalt 

D,  Blub.  1.  BlackisMlue :  dark  varieties  of  azurite. — 2.  Azure-bhie : 
a  clear  shade  of  bright  blue ;  pale  varieties  of  azurite,  bright  varieties  of 
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lazulite. — 3.  Vtolet-llue :  bine,  mixed  with  red;  amethyst,  fluorite.-— 4 
LavenderMue:  bine  with  some  red  and  much  gray. — 6.  PrussianMue^ 
or  Berlin  blue:  pure  blue  ;  sapphire,  cyanite. — 6.  Smalt-blvs:  some  varie- 
ties of  gypsum. — 7.  Indigo-ilue  :  blue  with  black  and  green  ;  blue  tourma- 
line.— 8.  Sky-blue:  pale  blue  with  a  little  green;  it  is  called  mountain 
blue  by  paintera. 

E.  (jtrekn.  1.  Verdtgris-green :  green  inclining  to  blue ;  some  feldspar 
(amazon-stone). — Celandine-green:  green  with  blue  and  gray  ;  some  varie- 
ties of  talc  and  beryl.  It  is  the  color  of  the  leaves  of  the  celandine  (Cheli- 
dcmium  majus). — 3.  Mouniain-green  :  green  with  much  blue ;  beryl. — 4. 
Leek  green:  green  with  some  brown;  the  color  of 'leaves  of  garlic;  dis- 
tinctly seen  in  prase,  a  variety  of  quartz. — 5.  Emerald-green :  pure  deep 
green  ;  emerald. — 6.  Apple-green  :  light  green  with  some  yellow  ;  chryso- 
prase. — 7.  Oraes-green:  bright  green  with  more  yellow  ;  green  diallage. — 
8.  Pistachio-green  :  yellowish  green  with  some  brown  ;  epidote. — 9.  Aspa- 
ragus-green :  pale  green  with  much  yellow ;  asparagus  stone  (apatite). — 
10.  Blackish-green:  serpentine. — 11.  Olive-green:  dark  green  with  much 
brown  and  yellow;  chrysolite. — 12.  Oil^green:  the  color  of  olive  oil; 
beryl,  pitchstone. — 13.  Siskin-green  :  light  green,  much  inclining  to  yellow; 
uranite. 

F.  Yellow.  1.  SuLphur-yeUow :  sulphur. — 2.  Straw-yellow:  pale  yel- 
low ;  topaz. — 3.  Wax-yellow :  grayish  yellow  with  some  brown  ;  blende, 
opal. — 4.  Honey-yellow  :  yellow  with  some  red  and  brown ;  calcite. — 6. 
Leiruin-yellow  :  sulphur,  orpiment — 6.  Ochre-yellow:  yellow  with  brown ; 
yellow  ochre. — 7.  Wine-yellow:  topaz  and  fluorite. — 8.  Creamyellow : 
some  varieties  of  lithomarge. — 9.   Orange-yellow :  orpiment. 

G.  Ked.  1.  AnrororTea:  red  with  much  yellow;  some  realgar. — 2. 
ITyadnt/i-red :  red  with  yellow  and  some  brown  ;  hyacinth  garnet. — 3. 
Brick-red:  poly  halite,  some  jasper. — 4.  Scarlet-red:  bright  red  with  a 
tinge  of  yellow;  cinnabar. — 5.  Jilood-red:  dark  red  with  some  yellow; 
pyrope. — 6.  Flesh-red:  feldspar. — 7.  Carmine-red:  pure  red;  ruby  sap- 
phire.— 8.  Rose-red  :  rose  quartz. — 9.  Crimson-red :  ruby. — 10.  PeacK- 
blossomrred:  red  with  white  and  gray;  lepidolite. — 11.  Columbine-red: 
deep  red  witli  some  blue ;  garnet. — 12.  Cherry-red :  dark  red  with  some 
blue  and  brown :  spinel,  some  jasper. — 13.  Brownish-red:  jasper,  limonit^. 

H.  Bbown.  1.  Keddish-hrown :  garnet,  zircon. — 2.  Cloverbrown:  brown 
with  red  and  some  blue ;  axinite. — Z.  Hair-brown :  wood  opal. — 4r.  Broo- 
colirbrown :  brown,  with  blue,  red,  and  gray  ;  zircon. — 5.  Chestnut-brown  : 
pure  brown. — 6.  Yellowishlyrown:  jasper. — 7.  Pinchbeck-brown:  yellow- 
ish-brown, with  a  metallic  or  metallic-pearly  lustre ;  several  varieties  of 
talc,  bronzite. — 8.  Wood-brown:  color  of  old  wood  nearly  rotten  ;  some 
specimens  of  asbestus. — 9.  Liver-brown  :  brown,  with  some  gray  and  green ; 
jasper. — 10.  Blaokislirbrown  ;  bituminous  coal,  brown  coal. 

c.  Peculiarities  in  the  Arrangement  of  Colors, 

Play  of  Colors. — Kxi  appearance  of  several  prismatic  colors  in  rapid 
succession  on  turning  the  mineral.  This  property  belongs  in  perfection  to 
the  diamond  ;  it  is  luso  observed  in  precious  opal,  and  is  most  brilliant  by 
candle-light. 
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Change  of  Colors. — ^Each  particular  color  appears  to  pervade  a  laimr 
space  than  m  the  play  of  colors,  and  the  succession  produced  by  turning  Sie 
mineral  is  less  rapid ;  Ex.  labradorite. 

Oj)alescence. — A  milky  or  pearly  reflection  from  the  interior  of  a  speci- 
meu.     Observed  in  some  opal,  and  in  cat's  eye. 

frldescence. — Presenting  prismatic  colors  in  the  interior  of  a  crystal 
The  phenomena  of  the  play  of  colors,  iridescence,  etc.,  are  sometimes  to  be 
exphiiiied  by  the  presence  of  minute  foreicjn  cr}'stals,  in  parallel  positions; 
more  generally,  however,  they  are  caused  by  the  presence  of  fine  cleavage 
lamellae,  in  the  light  reflected  from  which  interference  takes  place,  analogous 
to  the  well-known  Newton's  rings. 

I'arniah, — A  metallic  surface  is  tarnished,  when  its  color  diflFers  from 
that  obtained  by  fracture  ;  Ex.  bornite.  A  surface  possesses  the  steel  tar- 
nut/ij  when  it  presents  the  superficial  blue  color  of  tempered  steel ;  Ex. 
coliimbite.  The  tarnish  is  it^ised^  when  it  exhibits  fixed  prismatic  colors  ; 
Ex.  hematite  of  Elba.  These  tarnish  and  iris  colors  of  minerals  are  owing 
to  a  thin  surface  film,  proceeding  fi*om  different  sources,  either  from  a 
change  in  the  surface  of  the  mineral,  or  foreis^n  incrustation ;  hydrated  iron 
oxide,  usually  formed  from  pyrite,  is  one  of  tlie  most  common  sources  of  it, 
and  produces  the  colors  on  anthracite  and  hematite. 

Asterism. — This  name  is  given  to  the  peculiar  star-like  rays  of  light 
observed  in  certain  directions  in  some  minerals  by  reflected  or  transmitted 
light.  This  is  seen  in  the  form  of  a  six-rayed  star  in  sapphire,  and  is  also 
well  shown  in  mica  from  South  Burgess,  Canada.  In  tne  former  case  it 
has  been  attributed  by  Volger  to  a  repeated  lamellar  twinning ;  in  the 
other  case,  by  Rose,  to  the  presence  of  minute  inclosed  crystals,  which  are 
a  uniaxial  mica,  according  to  DesCloizeaux.  Crystalline  planes,  which 
have  been  artificially  etched,  also  sometimes  exhibit  asterism.  In  general 
the  phenomenon  is  explained  by  Schrauf  as  caused  by  the  interference  of 
the  light,  due  to  fine  striations  or  some  other  cause. 

(Upon  the  above  subjects,  see  Literature,  p.  163.) 

Phosphorescencb. 

Pliosphoresceiice,*  or  the  emission  of  light  by  minerals,  may  be  produced 
in  different  ways :  hy  friction^  by  heat^  or  by  exposure  to  light. 

By  friction. — Light  is  readily  evolved  from  quartz  or  white  sugar  by 
the  friction  of  one  piece  against  another,  and  merely  the  rapid  motion  of  a 
feather  will  elicit  it  from  some  specimens  of  sphalerite.  Friction,  however, 
evolves  light  from  a  few  only  oi  the  mineral  species. 

liy  h^at. — Fluorite  is  highly  phosphorescent  at  the  temperature  of  300®  F. 
Different  varieties  give  off  lignt  of  different  colors  ;  the  Morophan^  variety, 
an  emerald-green  light ;  others  purple,  blue,  and  reddish  tints.  This  phos* 
phorescence  may  be  observed  in  a  dark  place,  by  subjecting  the  pulverized 
mineral  to  a  heat  below  redness.  Some  varieties  of  white  limestone  or 
inarble  emit  a  yellow  light. 

has  been  iiiTestigated  bj  BecquerA,  Ann.  Gh.  Phys.,  IIL,  Iv.,  5-110,  1850 ; 
nat.  Ges.    Bern,  1807,  62 ;  and  Hahn,  Zeitaoh.  Gea.  nat.  Wia&    Beritn,  QL, 
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By  the  application  of  heat,  minerals  lose  their  phosphorescent  properties.  But  on  passinjf 
electricitj  through  the  calcined  mineral,  a  more  or  less  yiyid  light  is  produced  at  the  time  of 
the  discharge,  and  subsequently  the  specimen  when  heated  will  often  emit  light  as  before. 
The  light  is  usually  of  ^e  same  color  as  previous  to  oalcinadon,  but  occasionally  is  quite 
different.  It  is  in  general  less  intense  than  that  of  the  unaltered  mineral,  but  is  much 
increased  by  a  repetition  of  the  electric  discharges,  and  in  some  yarieties  of  fluorite  it  may 
be  nearly  or  quite  restored  to  its  former  brilliancy.  It  has  also  been  found  that  some  varie- 
ties  of  fluorite  and  some  specimens  of  diamond,  oaloite,  and  apatite,  which  are  not  naturally 
phosphorescent,  may  be  rendered  so  by  means  of  electricity.  Electricity  will  also  increase 
the  natural  intensity  of  the  phosphorescent  light. 

Light  of  the  sun, — Tlie  only  substance  in  which  an  exposure  to  the  light 
of  the  sun  produces  very  apparent  phosphorescence  is  the  diamond,  and 
some  specimens  seem  to  be  destitute  of  this  power.  This  property  is  most 
striking  after  exposure  to  the  blue  rays  of  the  spectrum,  while  in  the  red 
rajs  it  18  rapidly  lost 


Pleochboisk. 

Dichroism^  TricAroism, — ^In  addition  to  the  general  phenomena  of  color, 
which  belong  to  all  minerals  alike,  some  of  uiose  which  are  crystallized 
show  different  colors  under  certain  circumstances.  This  is  due  to  the  fact 
that  in  them  the  absorption  of  parts  of  the  spectrum  takes  place  unequally 
in  different  directions,  and  hence  their  color  by  transmitted  light  depends 
npon  the  direction  in  which  they  are  viewed.  This  phenomenon  is  called 
in  sreneral  pleo(Jiroism. 

In  uniaxial  crystals  it  has  been  seen  that,  in  consequence  of  their  crystal- 
lf»graphic  symmetry,  there  are  two  distinct  values  for  the  velocity  of  light 
transmitted  by  them,  according  as  the  vibrations  take  place, ^ara?^^  or  at 
right  angles  to  the  vertical  axis.  Similarly  the  crystal  may  exert  different 
degrees  of  absorption  upon  the  rays  vibrating  in  these  two  dii-ections.  For 
example,  a  transparent  crystal  of  zircon  looked  through  in  the  direction  of 
the  vertical  axis  appears  of  a  pinkish-brown  color,  while  in  a  lateral  direc- 
tion the  color  is  asparagus-green.  This  is  because  the  rays  (extraoi-dinary) 
vibrating  parallel  to  tne  axis  are  absorbed  with  the  exception  of  those 
which  together  give  the  green  color,  and  those  vibrating  laterally  (ordinary) 
are  absorbed  except  those  which  together  appear  pinkfsh-brown. 

Again,  all  crystals  of  tourmaline  in  the  direction  of  the  vertical  axis  ai-e 
opaque,  since  the  ordinary  ray,  vibrating  normal  to  the  axis  c,  is  absorbed, 
while  light-colored  varieties,  looked  through  laterally,  are  transparent,  for 
the  extraordinary  ray,  vibrating  parallel  to  4  ^s  not  absorbed ;  the  color 
differa  in  different  varieties.  Thus,  all  uniaxial  crystals  may  be  dichroie^ 
or  have  two  distinct  axial  colors. 

Similarly  all  biaxial  crystals  may  be  trichroic.  For  the  rays  vibrating  in 
the  directions  of  the  three  axes  of  elasticity  may  be  differently  absorbed. 
For  diaspore  the  three  axial  colors  are  azure-blue,  wine-yellow,  and  violet- 
blue.  It  will  be  understood  that,  while  these  three  different  colors  are  pos- 
sible, they  may  not  exist ;  or  only  two  may  be  prominent,  so  that  a  biaxial 
mineral  may  be  called  dichroic. 

In  order  to  bivestigate  the  absorption-properties  of  any  uniaxial  or  biaxial 
crystal,  it  is  evident  that  sections  must  be  obtained  which  are  parallel  to  the 

11 
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uveral  axes  of  elaBticitr.  Sappoee  that  1 410  repreeente  a  rectanKQlar  solid 
wito  its  eideB  parallel  to  the  three  axee  of  elasticity  of 
a  biaxial  cryBtal.  In  an  orthorhoiiibic  crj  etal  the  faces 
are  those  of  the  three  diametral  planes  or  pinacoids ; 
in  a  monoclinic  cnpstal  one  side  coincides  with  the  clino- 
pinaix)id,  the  others  are  to  be  determined  for  each 
species.  The  lip;ht  transmitted  by  this  solid  is  examined 
by  means  of  a  single  Nicol  prism.  Suppose,  first,  tliat 
the  light  transmitted  by  the  parallelepiped  (f.  410)  in 
the  direction  of  the  vertical  axis  is  to  he  examined. 
Wlien  tlie  shortef  diagonal  of  the  Nicol  coincides  witli 
the  directioti  of  the  ajtis  b,  the  color  obse^^■ed  beloues 
to  that  ray  vibrating  parallel  to  this  direction  ;  when  it  coincides  with  tne 
iixiH  a,  tlio  color  for  tno  ray  with  vibrations  parallel  to  a  is  observed.  In 
tho  ««iTie  way  the  Nicol  separates  the  different  colored  rays  vibrating 
iMirnllel  to  c  and  a  respectively,  when  the  light  passes  through  in  the  direc- 
tion of  b. 

Kii  aJHo  finally  when  the  section  is  looked  through  in  the  direction  of  the 
axix  0,  the  colors  for  the  rays  vibi-ating  parallel  to  b  and  (,  respectively,  are 
obtained.  It  is  evident  that  the  examination  in  two  of  the  directions  named 
will  give  the  three  possible  colors, 

For  epidoto,  according  to  Klein,  the  colors  for  the  three  axial  directions 


iff 


,     Vlbntion*  parallel  to  b,  brown  (kbeorbed).         „    Tibntioni  patmllal  to  i,  green. 

' >,  yellow.  "■  "  "  •.yellow, 

o    TibratioQa  parallel  to  t,  green, 

"  "  I,  brown  (absorbed). 

The  colotB  observed  by  the  eye  alone  are  the  resultants  of  the  double  set 
til  vibrations,  in  wliich  the  stronger  color  predominates  ;  thus,  in  the  above 
exRiiiplo,  the  plane,  nonnal  to  c  is  blown,  to  b,  yellowish-green,  to  a,  green. 
Iiianyotlier  direction  in  the  crystal,  the  apparent  color  is  the  reeult  of  a 
uiixttii'c  of  those  cori-esponding  to  the  three  du-ections  of  vibrations  in  difFer- 
i>iit  piiiiKirtions.  DicJiroite  is  a  striking  example  of  the  phenomenon  of 
ploiK-hrciisin. 

An  iiiBtrument  called  a  dichroseope  has  been  contrived  by  Haidinger  for 
eKMiiiiniiig  this  property  of  crystals.  An  oblong  rhombohedron  of  Ice- 
!Li'  lias  a  glass  prism  of  18°  cemented  to  each  e: 


land  spar  lias  a  glass  prism  o 


ri  extremity.     It  is  placed 


in  ft  metallic  cylindrical  case,  ae  in  the  iignre,  having  a  convex  lens  at  one 
tndi  ind  ^  square  hole  at  the  other.  On  looking  through  it,  the  square  hole 
I  double;  one  image  belongs  to  the  ordinary  and  the  other  to  the 
■^  w  ray.  When  a  pleochroic  crystal  is  examined  with  it,  by  trans- 
B.  revolving  it,  the  two  squares,  at  intervals  of  90°  in  the  revo- 
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Intion,  have  dijBFerent  colors,  corresponding  to  the  direction  of  the  vibrations 
of  the  ordinary  and  extraordinary  ray  in  calcite.  Since  the  two  images  are 
situated  side  by  side,  a  very  slight  difference  of  color  is  perceptible. 
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IxztL,  90,  1849. 
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3.   LuSTEE. 

The  Instre  of  minerals  varies  with  the  nature  of  their  surfaces.  A  varia- 
tion in  the  quantity  of  light  reflected,  produces  different  degrees  of  intensity 
of  lustre ;  a  variation  in  the  nature  of  the  reflecting  surface  produces 
different  kinds  of  lustre. 

A.  The  Jdnds  of  lustre  recognized  are  as  follows : 

1.  Metallie  :  the  lustre  of  metals.  Imperfect  metallic  lustre  is  expressed 
by  the  term  stib-metallie. 

2.  Adam^antine:  the  lustre  of  the  diamond.  When  also  sub-metallic,  it 
18  termed  metallic-adamaTUine,    Ex.  cerussite,  pyrargyrite. 

3.  Vitreous:  the  lustre  of  broken  glass.  An  imperfectly  vitreous  lustre 
is  termed  8i^H)ttreous.  The  vitreous  and  sub-vitreous  lustres  are  the  most 
common  in  the  mineral  kingdom.  Quartz  possesses  the  former  in  an  emi- 
nent degree ;  calcite,  often  the  latter. 

4.  Resino^ts :  lustre  of  the  yellow  resins.  Ex.  opal,  and  some  yellow 
varieties  of  sphalerite. 

5.  Pearly  :  like  pearl.  Ex.  talc,  brncite,  stilbite,  etc.  Wlien  united  with 
Bub-metallic,  as  in  hvpersthenite,  the  term  metaUic-pearly  is  used. 

6.  SUky  :  like  silk ;  it  is  the  result  of  a  fibrous  structure.  Ex.  fibrous 
calcite,  fibrous  gypsum. 

B,  The  degrees  of  intensity  are  denominated  as  follows: 

1.  Splendent :  reflecting  with  brilliancy  and  giving  well-defined  images. 
Ex.  hematite,  cassiterite. 

2.  Shining :  producing  an  image  by  reflection,  but  not  one  well  deflned. 
Ex.  celestite. 

3.  Glistening :  affording  a  general  reflection  from  the  surface,  but  no 
image.    Ex.  talc,  chaleopvrite. 

4.  OHmmering:  iifforaing  imperfect  reflection,  and  apparently  from 
points  over  the  surface.     Ex.  flint,  chalcedony. 

A  mineral  is  said  to  be  d%M  when  there  is  a  total  absence  of  lustre.  Ex. 
ehalk,  the  ochres,  kaolin 


misiOAi. 
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The  true  differeuce  between  metallic  and  vitreous  lustre  la  due  to  the 
effect  which  tlio  differentBurfacee  have  upon  the  reflected  light ;  in  general, 
tha  lustre  is  pi-oduced  by  the  union  of  two  BimuJtaneoua  iinpresaioiiB  made 
upon  the  eye.  If  the  light  reflected  from  a  metallic  surface  be  e^cnmined 
by  a  Nicoi  prism  {or  the  dichroscope  of  Haidingor),  it.  will  be  found  that 
both  rays,  tnat  vibrating  in  the  plane  of  incidence  and  that  whose  vibra- 
tioiiB  are  normal  la  it,  are  alike,  each  having  the  color  of  the  material,  only 
differing  a  little  in  brilliancy  ;  on  tlie  contrary,  of  tlie  light  reflected  by  a 
vitreouB  substance,  those  rays  whose  vibrations  are  at  right  angles  to  the 
plane  of  incidence  are  more  or  less  [wlarized,  and  are  colorless,  while  those 
whose  vibrations  are  in  tliis  plane,  having  penetrated  somewhat  into  tlic 
medium  and  suffered  some  absorption,  snow  the  color  of  the  substanec 
itself.  A  plate  i>f  red  glass  thus  examined  will  show  a  colorless  and  a  red 
image.     Adamantine  lustre  occupies  a  position  between  the  others. 

The  differant  degrees  and  kinds  of  lagCre  are  often  exhibited  diffeieiitly  b;  aolike  laoe»  of 
the  Mine  ci^rBta!.  but  always  Bimilarl;  b;  like  faces.  The  lateral  faces  of  ■  rigbt  square 
nrisin  may  thiu  diffor  from  a  Urminal,  and  in  the  rl^hC  rectBiiguIar  priam  the  lateral  faces 
mlan  maj  differ  from  one  another.  For  example,  the  batal  plane  of  apophyllite  baa  a  pearlj 
Instre  wanting  in  the  pcismatio  planes.  The  surface  ot  a  cleavage  plane  in  foliated  minerals, 
vei7  commonly  differs  in  Instre  from  the  side»,  and  in  some  cases  the  latter  are  vitre  .us. 
while  tbo  former  is  pearly.  Ai  shown  by  Hai<liDg«r,  onl;  the  vitreona,  ndamantine,  and 
metnllio  liiptres  belong  to  faces  perfectly  smooth  and  pore.  In  the  first,  the  index  ol  refrac- 
tion of  the  mineral  is  I'S — 1  8 ;  in  the  seoond,  I'O— 3  5;  in  the  third,  abont  ^'3.  The  pearly 
lusM  !■  a  result  of  reflection  from  nomberleBs  lamells  or  lines  witbiu  a  translncent  minenl^ 
H  long  since  observed  by  Breithaapt. 


Tlio  cxpaiision  of  crystallized  minerals  by  heat  depends,  as  directly  as 
tboip  ojilictil  (iropertiea,  on  the  svinmetry  of  their  molccnlar  structure  as 
bIviwii  III  llioir  crystalline  form.  The  same  three  classes  as  before  are  dis- 
litigiii"!"''!: 

A.   ImiiMtric  crystals,  where  the  expansion  is  in  all  directions  alike. 

li.  hiMliam.etric  crystals,  of  the  tetragonal  and  hexagonal  systems.  Ex- 
iwiioioii  viirticall;^  unlike  that  laterally,  but  in  all  lateral  directions  alike. 

f.  Aii!x"">^ti--ic,  of  the  orthorhombic,  monoclinic,  and  tricliiiic  systems. 
Kxpiiiixi'"'  unlike  in  the  tliree  axial  directions.  The  expansion  by  heat  in 
lh>'  '■'"•"  "f  crystals  may  serve  to  alter  the  angles  of  the  form,  bnt  it  has 
\\w\\  nIh'Wu  that  the  zone  relations  and  the  crystalline  system  reuiain  eon- 
•Innl. 

|||ll*>hnrlUih  fonnd  that  in  oaldte  there  was  a  diminntion  of  8'  87'  in  the  angle  of  tlia 

tl iliiilii^rlKiii.  nil  |«Haing  from  ^3°  to  S12°  F.,  the  form  thus  approaching  that  ot  a  cnbe,  ma 

%\tv  li'iii|i"ri>l'iir<^  iiiiTeosed.  Dolomite,  in  the  name  langv  of  temperature,  diminishes  4'  40'; 
mmI  ill  omtii'iili",  Listween  63°  and  212°  F.,  the  angle  of  the  prism  diminishes  3'  46  '.  andi 
U)  l-llu(iri>wi<'-  :'<  SO';  in  gypsam,  / :  I'-l  is  iocreoBed  5' 34',  /:  I,  4  13'.  and  l->  :  i-i  ia 
J|tinlllUllii4  7  IM',  In  some  rhombohedrons,  as  of  calcite,  the  vertical  axis  is  lengthened 
HgA  Iha  lolwol  slinrtened),  while  in  others,  tike  qaarti,  the  reverse  is  trne.     The  v    '  " 
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Idiiciive  power  of  a  crystal  depends,  as  does  expansion,  on  the 
if  itH  crystalline  form ;  this  is  also  true  of  its  power  of  tr&nft- 
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mitting  or  absorbing  heat.  It  follows,  moreover,  from  the  analogous  nature 
of  heat  and  light,  that  heat  rays  are  polarized  by  reflection,  and  by  transmission 
in  auisotrope  media,  in  the  same  way  as  the  rays  of  light  These  subjects, 
considered  solely  in  their  relation  to  Mineralogy,  are  of  minor  importance ; 
they  belong  to  works  on  Physics,  and  reference  may  be  made  to  those 
whose  titles  are  given  in  the  Introduction,  as  also  to  the  works  of  Schrauf 
and  Groth. 

The  change  in  the  optical  properties  of  crystals  produced  by  heat  has 
already  been  noticed  (p.  153). 


V.  ELECTRICITY— MAGNETISM. 

The  electric  and  magnetic  characters  of  crystals,  as  their  relations  to  heat, 
bear  but  slightly  upon  the  science  of  mineralogy,  although  of  high  interest 
to  the  student  of  physics. 

Frictional  etectrtcity, — The  development  of  electricity  hy  friction  is  a 
familiar  fact.  All  minerals  become  electric  by  friction,  although  the 
degree  to  which  this  is  manifested  depends  upon  their  conducting  or  non- 
conducting power.  There  is  no  line  of  distinction  among  minerals,  divid- 
ing them  u\\jo positively  electric  and  negatively  electric ;  for  both  kinds  of 
electricity  may  be  presented  by  different  varieties  of  the  same  species,  and 
by  the  same  variety  in  different  states.  The  gems  are  positively  electric 
c»nly  when  polished ;  the  diamond  alone  among  them  exiiibits  positive  elec- 
tricity whether  polished  or  not.  The  time  of  retaining  electric  excitement 
is  widely  different  in  different  species,  and  topaz  is  remarkable  for  continu- 
ing excited  many  hours. 

Pressure  also  develops  electricity  in  many  minerals ;  calcite  and  topaz 
ai*e  examples. 

Pyro-electricity, — A  decided  change  of  temperature,  through  heat  or 
cold,  develops  electricity  in  a  large  number  of  minerals,  which  are  hence 
v.9\\eA  pyro-electric.  This  property  is  most  decided,  and  was  lii-st  observed 
in  a  series  of  minerals  which  are  hemimorphic  or  hemihedral  in  their 
development.  The  electricity  in  these  minerals  is  of  opposite  character  in 
tlie  parts  dissimilarly  modified.  Thus  in  tourmaline  and  calamine,  the 
crystals  of  which  are  often  differently  modified  at  the  two  extremities,  posi- 
tive and  negative  electricity  are  developed  at  these  extremities  or  poUs 
respectively.  Wlien  the  extremity  becomes  positive  on  heating  it  has  been 
called  the  analogue  pole,  and  when  it  i)ecomes  negative,  it  has  been  called 
tlie  antilogue.  The  names  were  given  by  Rose  and  Riess,  who  investigated 
these  phenomena.  For  a  change  of  temperature  in  the  opposite  direction, 
that  is,  cooling,  the  reverse  electrical  effect  is  observed. 

Boracite,  on  whose  crystals  the  -y  and  —  tetrahedrons  often  occur,  shows 
by  heatbig  the  positive  electricity  for  the  faces  of  one  tetrahedron  and  the 
negative  for  those  of  the  other. 

Further  investigations  by  Hankel  and  others  (see  Literature)  have  ex- 
tended the  subject  and  shown  that  the  phenomena  of  pyro-electricity  belong 
to  the  crystals  of  a  large  number  of  species.  Moreover,  it  is  not,  as  onco 
Bupposed,  essentially  connected  with  hemihedral  development.  The  num- 
ber of  poles,  too,  may  be  more  than  two,  that  is,  the  points  at  which  posi 
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tivo  and  negative  electricity  is  developed.  Thus  for  prehulte  there  is  a 
lai;ge  BcrioB  of  euch  polee,  distributed  over  the  surface  of  a  crystal.  The 
investigations  of  HaiiKel  have  shown  in  general,  that  in  crvstala  not  heuii- 
hedmlly  developed,  tlie  same  electricity  is  developed  at  botn  extremities  of 
the  same  axis,  and  the  distinction  between  jxisitive  and  negative  eloctncily 
is  only  shciwn  by  reference  to  the  different  cryatallographic  axes ;  on  syin- 
metrically  formed  crystals  of  the  isodiametric  class  tlie  electricity  is  the 
same  in  atl  lateral  directions,  that  is,  on  all  prismatic  planes,  while  different 
at  the  extremities  of  the  veitical  axis. 

T/ienao-eleeiriciti/.^Wheii  two  different  metals  are  bronght  into  cmi- 
taut,  a  stream  of  electricity  passes  from  one  to  the  other.  If  one  ia  heated 
the  effect  is  more  decided  and  ia  sufficient  to  deflect  more  or  less  vigoronsly 
tile  needle  of  a  galvanometer.  According  to  the  direction  of  the  ciineiit 
pnidnced  by  the  different  metallic  substances,  they  are  arranged  in  a 
then  no-electrical  series;  the  extremes  are  occupied  by  antimony  (+)  and 
bismuth  (— ),  the  electrical  streanj  passing  from  bismuth  to  antimony. 

This  subject  is  so  far  important  for  mineralogy,  as  it  was  shown  by 
Bnnsen  that  the  natural  metallic  sulphides  stand  further  off  in  the  series 
than  antimony  and  bismuth,  and  consequently  by  them  a  stronger  eti-eam 
is  pivHjuced.  The  thermo-eleetrical  relations  of  a  lai^ge  number  of  minerals 
was  determined  by  Flight  (Ann.  Ch.  Pharm.,  cxxxvi.). 

It  was  earlv  observed  that  some  minerals  have  varieties  which  are  1>oth 
■r-  and  — .  This  fact  was  made  use  of  by  Rose  to  show  a  relation  between 
the  plus  and  minus  liemihedral  varieties  of  pyrite  and  cobaltite.  The  later 
investigations  of  Schrauf  and  Dana  have  shown,  however,  tliat  the  same 
I>oculiar]ty  belongs  also  to  glaucodot,  tctradymitc,  skuUcrudite,  danaite.  and 
other  minerals,  and  it  is  demonstrated  by  them  that  it  caimot  be  dependent 
upon  crystalline  form,  but,  on  the  contrary,  upon  chemical  composition. 

M\ONKTi3M. — The  magnetic  properties  of  crystals  are  tbeoreti<ail]y  of 
interest,  since  thoy,  too,  like  the  optical  and  thermic,  are  directly  dependent 
upon  the  form  ;  hence,  with  relation  to  magnetism  they  gi-onp  themselves 
into  the  same  three  classes  before  referred  to. 

All  substances  are  divided  into  two  t:\3sses,  the  jKirama^netic  avd  dia- 
t'lagnetic,  according  as  they  are  attracted  or  repelled  by  the  poles  of  a  mag- 
net. For  purposes  of  experiment  the  substance  in  question,  in  the  form  of 
a  rod,  is  suspended  between  the  poles  of  the  magnet,  being  movable  on  a 
horizontal  axis.  If  of  the  first  class,  it  will  take  a  jKJsition  parallel,  and  if 
of  tlie  second  class,  transverse,  to  the  magnetic  axis, 

liy  the  use  of  a  sphere  it  is  possible  to  determine  the  relative  amount  of 
magnetic  induction  in  different  directions  of  the  same  substance.  Experi- 
ment has  shown  that  in  isoinetnc  crystals  the  magnetism  is  alike  in  all 
directions  ;  in  those  optically  uniaxial,  that  there  is  a  direction  of  maximum 
and,  normal  to  it,  one  of  minimum  magnetism ;  in  biaxial  crystals,  tliat 
iliLii    HI-'  I  lijvc  uneiiiial  axes  of  magnetism,  the  position  of  which*  may  be 

^ew  miiierals  have  the  power  of  exerting  a  sensible  influence  upon  the 

'%  and  are  hence  said  to  be  magnetic.     This  is  true  of  mag- 

nfcite  (magnetic  pyrites)  in   particular,  alsft  of  franklinite, 

•V  minerals,  containing  considerable  iron  protoxide  (FeO). 

a  iu  one  part  attract  and  in  another  repel  the  poles  oi 
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the  magnet,  tliey  are  said  to  ipceaeeRji>olariiy.    This  is  trae  of  the  variety  of 
magnetite  called  in  popular  language  loadstone. 

LiTXBATURB.— ELECTRICITT. 

Hankd.  Ueber  die  Thermo-Eleotricit&t  der  Kiystalle;  Pogg.,  xlix.,  493 ;  L,  237,  1840; 
IzL,  281. 

Bom  u.  Hies,    Ueber  die  Pyro-Electricitat  der  Mineralien ;  Ber.  Ak.   Berlin,  1843. 

Ueber  den  Zusammenhang  swischen  der  Form  und  der  elektrisuhen  Polaritat  dei 

KrjBtaUe :  Ber.  Ak.    Berlin,  1836. 

V.  KcbdL    Ueber  Mioeral-Electricitat ;  Pogg.,  cxviii.,  594,  1863. 

Bunsen.     Thermo-Ketten  von  grosser  Wirksamkeit ;  Pogg.,  oxxiii.,  505,  1864. 

FriedeL  Sur  les  propriet«^  pyro*41ectriqae  dee  Gristaux  bona  conducteurs  de  releotrioit^ ; 
Ann.  Ch.  Pbys.,  IV.,  xvii.,  79,  1869. 

Bo9e.  Ueber  den  Zusammenbang  zwisohen  hemiedrischer  Krystallform  and  thermo-elek- 
triachem  Verbal  ten  beim  Eisenkies  and  Kobaltglanz;  Pogg.,  cxlii.,  1,  1871. 

Schraufu.  E.  S.  Dana.  Ueber  die  th*rmo-elektri8chen  Eigensobaften  von  Mineralvarie- 
taten;  Ber.  Ak.   Wien,  Ixix.,  1874  (Am.  J.  Sci.,  IIL,  viii.,  255). 

HinkeL  Ueber  die  tbermo-elektriscben  Eigenschaften  des  Boracites  ;  Siicbs.  Ges.  Wise., 
vL,  151,  1865;  ibid.,  nii.,  323,  1866;  Topaz,  ix.,  1870,  359;  10  Abbandlung,  1872,  24;  cal- 
cite,  beryl,  etc.,  1876. 

On  MAGNETISM  reference  may  be  made  to  Faraday  (Experimental  Researches) ;  Tyndall, 
PhiL  Mag. ;  Knoblaach  and  TyndaU,  Pogg.,  Ixxxi.,  481,  498  ;  buxiii,  384  ;  Ptiucker,  Pogg., 
Ixxii,  315;  IxzyL,  576;  bczvii,  417;  IxxxvL,  1 ;  GraUich  a.  von  Lang,  Ber.  Ak.,  Wien, 
xxzii.,  43 ;  xxxiiL,  439,  etc.,  eta 


VL  TASTE  AND  ODOR 

In  their  action  upon  the  senses  a  few  minerals  possess  tasCey  and  others 
under  some  circumstances  ^ive  ofiE  odor. 

Taste  belongs  only  to  soluble  minerals.  The  different  kinds  of  taste 
adopted  for  reference  are  as  follows : 

1.  Astringent;  the  taste  of  vitriol. 

2.  Sweetish  astringent  /  taste  of  alum. 

3.  Saline  /  taste  of  common  salt. 

4.  AUcaZine  /  taste  of  soda. 

5.  Cooling;  taste  of  saltpeter. 

6.  Bitter  /  taste  of  epsom  salts. 

7.  Sour  :  taste  of  sulphuric  acid. 

Odob. — Excepting  a  lew  gaseous  and  soluble  species,  minerals  in  the  dry 
unchanged  state  do  not  give  off  odor.  By  friction,  moistening  with  the 
breath,  and  the  elimination  of  some  volatile  ingredient  by  heat  or  acids, 
odors  are  sometimes  obtained  which  are  thus  designated : 

1.  AUiaceovs  ;  the  odor  of  garlic.  Friction  ot  arsenical  iron  elicits  this 
odor ;  it  may  also  be  obtained  from  arsenical  compounds,  by  means  of  heat. 

2.  Horse-radish  odor ;  the  odor  of  decaying  horse-radish.  This  odor  is 
strongly  perceived  when  tlie  ores  of  selenium  are  heated. 

3.  SuLvhureous ;  friction  elicits  this  odor  from  pyrite  and  heat  from 
many  sulphides. 

4.  Bituminous  ;  the  odor  of  bitumen. 

5.  Fetid ;  the  odor  of  sulphuretted  hydrogen  or  rotten  eggs.  It  is  eli- 
cited by  friction  from  some  varieties  of  quartz  and  limestone. 

6.  ArgUlaceoits  /  the  odor  of  moistened  clay.    It  is  obtained  from  ser- 
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pentine  aod  Bome  allied  minerslfl,  after  moistening  them  with  the  breath ; 
others,  as  pyrargillite,  afford  it  when  heated. 

The  Fkkl  is  a  character  which  is  occasionally  of  Bome  importance  ;  it  is 
eaid  to  be  smooth  (Bcpiolite),  greasy  (talc),  harsh,  or  ineagre,  etc  Some 
minerals,  in  consequence  of  theirhjgroecopic  character,  adhere  to  the  tfm^ue, 
when  brought  in  contact  with  it. 


P^RT    II. 


lEMICAL  MINERALOGY. 


!7EBAL8  are  either  the  uncombined  elements  in  a  native  state,  or  com* 
Is  of  these  elements  formed  in  accordance  with  chemical  laws.  It  is 
^ject  of  Chemical  Mineralogy  to  determine  the  chemical  composition 
ill  species ;  to  show  the  chemical  relations  of  different  species  to  each 
where  such  exist ;  and  also  to  explain  the  methods  of  distinguishing 
ent  minerals  hy  chemical  means.  It  thus  embraces  the  most  impoi*t- 
art  of  Determinative  Mineralogy. 


Chemioal  Constttution  of  Minerals. 

order  to  undei'stand  the  chemical  constitution  of  minerals,  some 
ledge  of  the  fundamental  principles  of  Chemical  Philosophy  is 
red  ;  and  these  are  here  briefly  recapitulated. 

emioal  elements, — Chemistry  recognizes  sixty-four  substances  which 
»t  be  decomposed,  or  divided  into  others,  by  anv  processes  at  present 
n ;  these  substances  are  called  the  chemical  elements.  Oi  these 
jn,  hydrogen,  and  nitrogen  are  fixed  gases ;  chlorine  and  fluorine  are 
ally  gases,  but  may  be  condensed  to  the  liquid  state ;  bromine  is  a 
le  liquid ;  and  the  rest,  under  ordinary  conditions,  quicksilver  excepted, 
)lids.  Of  these  last  carbon,  phosphorus,  arsenic,  sulphur,  boron,  (tel- 
ii),  selenium,  iodine,  silicon,  generally  rank  as  non  metallic  elements, 
be  others  as  metallic. 

^hcules  /  Atoms. — By  a  moleciUe  is  understood  the  smallest  portion  of  a 
mce  which  possesses  all  the  properties  of  the  matter  itself ;  it  is  the 
est  division  into  which  the  substance  can  be  divided  without  loss  or 
^e  of  character.  The  molecule  of  water  is  the  smallest  conceivable 
:le  which  can  exist  alone,  and  which  has  all  the  properties  of  water. 
torn  is  the  smallest  mass  of  each  element  which  enters  into  combina- 
rith  others  to  form  the  molecule.  Thus  two  chemioal  units,  or  atoms, 
drogen  unite  with  one  atom  of  oxygen  to  form  the  jpAysical  unit,  or 
jule,  of  water. 

wiic  we'i^hts. — The  relative  weights  of  the  chemical  units,  or  atoma, 
3  different  elements  are  their  atomic  weights.     For  the  sake  of  uni- 
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formity  the  atom  of  hydrogen,  the  lightest  of  all  the  elements,  has  been 
adouted  as  the  standard  or  unit.  The  absolute  weight  of  the  atoms  cannot 
be  aetermined  ;  but  their  relative  weight  can  in  many  cases  be  fixed  beyond 
question.  When  the  elements  are  gases,  or  form  gaseous  compounds,  the 
atomic  weights  are  determined  directly.  Thus  in  hydrochloric  acid  gas 
there  are  equal  volumes  of  hydrogen  and  chlorine,  or,  chemically  expressed, 
one  atom  of  hydrogen  combines  with  one  atom  of  chlorine ;  by  analysis  it 
is  found  that  in  lOU  parts  there  arc  2*74  by  weight  of  hydrogen,  and  97*26 
of  chlorine  ;  hence  if  hydrogen  be  taken  as  the  unit,  the  atomic  weight  of 
chlorine  is  35-5,  since  2'94  :  97-26  =  1  :  35-5. 

Where  the  elements,  or  their  compounds,  are  not  gases,  the  atomic  weights 
are  determined  more  or  less  indirectly,  and  are  sometimes  not  entirely  ii"ee 
f i-om  doubt.  The  analysis  of  rock-salt  gives  us,  in  100  parts,  60*68  parts  of 
chlorine,  and  39*32  parts  of  sodium  ;  now  if,  as  is  believed,  the  number  of 
units  of  each  element  involved  is  the  same,  or  in  other  words,  if  the  mole- 
cule consists  of  one  atom  each  of  chlorine  and  sodium,  then  the  atomic 
weights  will  be  as  60*68  :  39*32  ;  or  36*5  :  23,  since  that  of  chlorine  =  35*5. 
Hence  the  atomic  weight  of  sodium  is  23,  when  referred,  like  chlorine,  to 
that  of  hydrogen  as  the  unit.  There  is  an  assumption  in  such  cases  as  to 
the  number  or  units  of  each  element  involved  which  mav  introduce  doubt, 
BO  that  other  methods  are  applied  which  need  not  be  here  detailed. 

The  following  table  gives  the  atomic  weights  of  the  elements.  The  symbols 
used  to  represent  an  atom  of  each  element  are  shown  in  the  table ;  in  most 
cases  they  are  the  initial  letter  or  letters  of  the  Latin  name.  When  moi-e  than 
one  atom  is  iiivolved  in  the  formation  of  a  compound,  it  is  indicated  by  a 
small  index  number  placed  below,  to  the  right :  as  Sb203,  which  signifies  2 
of  antimony  to  3  of  oxygen.  The  quantity  by  weight  of  any  element  enter- 
ing into  a  compound  is  always  expressed  either  by  the  atomic  weight  or 
some  multiple  of  it ;  hence  the  atomic  weights  are  strictly  the  com&ining 
weights  of  the  different  elements. 


Atomic  Weights, 


Aluminum 

Al 

27  3 

Cobalt 

Co 

69 

Antimony 

Sb 

122 

Columbiom  (Niobium) 

Cb    (Nb) 

94 

Arsenic 

Ar 

75 

Copper 

Cu 

68*4 

Barium 

Ba 

187 

Didymium* 

D 

965 

Bismuth 

Bi 

208 

Erbium 

E 

112-6 

Boron 

B 

11 

Fluorine 

F 

19 

Bromine 

Br 

80 

GaUium 

Ga 

Cadmium 

Cd 

112 

Glucinum  (Beryllium) 

G    (Be) 

9 

Csraium 

Cs 

133 

Gold 

An 

199 

Calcium 

Ca 

40 

Hydrogen 

H 

1 

Carbon 

C 

12 

Indium 

In 

118-4 

Cerium* 

Ce 

92 

Iodine 

I 

127 

Chlorine 

CI 

85-6 

Iridium 

It 

198 

Chromium 

Cr 

52 

Iron 

Fe 

56 

*  By  the  determination  of  the  specific  heats  of  cerium,  didymium,  and  lanthaniun,  Dr. 
nUlebrand  has  shown  recently  that  the  oxides  of  the  three  metals  are  sesquioxides  (CesOt, 
I,  LaaOa),  and  corresponding  to  them  the  atomic  weights  should  be  Ce  =  188,  Di  s 
La  =  139.     (Pogg.  Ann.,  dviU.,  71,  1876.) 


Lanthazram 

La 

•  ^f^*i9  iw  *  *  *  ^ 
93-5 

Selenium 

Se 

Lead 

Pb 

d07 

Silver 

Ag 

Lithiam 

Li 

7 

Silicon 

Si 

Msfpaesiiiiii 

Mg 

24 

Sodium 

Na 

Umiganeae 

Mn 

65 

Stzontinm 

Sr 

Mercozy 

Hg 

200 

Sulphur 

S 

Molybdenum 

Mo 

96 

Tantalum 

Ta 

Nickp] 

Ni 

59 

Tellurium 

Te 

Nitrogen 

N 

14 

Thallium 

Tl 

Osmiam 

Os 

200 

Thorium 

Th 

Oxygen 

0 

16 

Tin 

Sn 

Palladiam 

Pd 

106 

Titanium 

Ti 

Phoaphoms 

P 

31 

Tungsten 

W 

Platinam 

Pt 

198 

Uranium 

U 

Potaanum 

K 

39 

Vanadium 

V 

Bhodiam 

Bo 

104 

Yttrium 

Y 

Rabidiam 

Bb 

85-4 

Zinc 

Zn 

Rathenifun 

Ba 

104 

Zirconium 

Zr 

171 

79 
108 

28 

23 

88 

82 
182 
128 
204 
231 
118 

50 
184 
240 

51-4 

61-7 

65 

90 


Atomicity  ;  QtMntivalence. — The  combining  power  of  each  element  is 
measured  by  the  number  of  hydrogen  atoms  with  which  it  combines  in 
forming  a  chemical  compouna.  In  hydrochloric  acid  (HCl),  one  atom  of 
hydrogen  combines  with  one  of  chlorine ;  in  water  (IlaO),  two  atoms  of 
hydrogen  combine  with  one  of  oxygen  ;  in  ammonia  (HjN),  three  atoms  of 
hydrogen  combine  with  one  of  nitrogen ;  and  in  marsli  gas  (H4C),  four 
atoms  of  hydrogen  are  required  to  enter  into  combination  with  one  carbon 
atom. 

By  the  examination  of  compounds  of  all  the  elements  we  are  able  to  fix 
the  combining  power,  or  guantivalence,  of  each,  expressed  in  hydrogen 
units.  All  those  elements  which  combine  with  one  atom  of  hydrogen,  or 
an  element  which  (like  chlorine)  has  tlie  same  quantivalence,  are  called 
monads  ;  thc>se  which  require  two  of  hydrogen,  or  two  other  monad  atoms, 
in  forming  the  compound,  are  called  dyada  ;  those  uniting  witii  three  atoms 
of  hydrogen  are  called  triads  ;  and  similarly  tetrads^  pentads^  hexads,  and 
heptads. 

The  adjective  terms  univalent^  bivalent,  trivalent,  quadrivalent,  etc.,  are 
also  employed  with  similar  meaning.  Atoms  having  the  same  decree  of 
quantivalence  are  said  to  be  equivalent;  this  is  true  of  N a  and  K,  both 
monads,  and  they  may  replace  each  other  in  similar  compounds ;  but  it 
requires  two  sodium  atoms  to  be  equivalent  to  one  calcium  atom,  since  the 
latter  is  a  dyad. 

The  degree  of  quantivalence  may  vary  for  many  of  the  elements  in 
different  compounds ;  for  example,  in  FeO  or  FeS,  iron  (Fe)  is  bivalent, 
since  it  satisfies  or  is  combined  with  simply  a  dyad  ;  in  FeSj,  it  is  Quadri- 
valent, since  it  is  united  to  two  atoms  of  a  dyad ;  and,  similarly,  in  [FeJOj 
it  is  sexivalent  (for  the  double  atom). 

PeriHsadsj  Artiada. — Those  elements  whose  atoms  have  an  odd  quanti- 
valence (I,  III,  V,  or  VII),  are  called  ^^m«a^/  those  whose  quantivalence 
is  even  (II,  IV,  VI)  are  called  artiaas.  These  terms,  perissad  and  artiad, 
are  derived  from  irepurao^  and  a/)Tt09,  the  words  for  odd  and  even  in 
ancient  arithmetic.  The  following  table  gives  the  division  of  the  ele- 
ments into  these  two  classes,  and  shows,  also,  the  quantivalence  of  each  elo* 
meut: 
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Pbribsadsl 

Monada: — 
Hydrogen. 

Fluorine. 

Chlorine,  I,  HI,  V,  VIL 

Bromine,  I,  HI,  V,  VIL 

Iodine,  I,  HI,  V,  VIL 


Abtiads. 


LithiuDL 

Sodium, 

Potassium, 

Bubidium. 

Csasium. 


I,  m. 
I,  in,  V. 


Silver,  I,  IIL 

ThaUium,      I,  UL 

Triads : — 

Nitrogen,  I,  III,  V. 

Phosphorus.  I,  III,  V. 

Arsenic,  I,  III,  V. 

Antimony,  III,  V. 

Bismuth,  III,  V. 

Boron. 

Gold,  I,  m. 

Pentads : — 

Columbium. 
Tantalum. 

Vanadium,         m,  V. 


Dyads: — 
Oxygen. 

Sulphur,  n,  IV,  VL 
Selenium,  II,  IV,  VL 
Tellurium,  n,  IV,  VI. 

Calcium,  II,  IV. 
Strontium,  II,  IV. 
Barium,       H,  IV. 

Magnegium. 

Zinc. 

Cadmium. 

Gludnum. 

Yttrium. 

Cerium. 

Lanthanum. 

Didymium. 

Erbium. 

Mercury   [Hg,]",  IL 

Copper     [Cu,]",  IL 


Tetrads  .'-^ 
Carbon, 
Silioon. 
Titanium, 
Tin, 

Thorium, 
Zirconium. 

Platinum, 
Palladium, 

Lead, 
Indium. 


HIT. 

n,iv. 

II,  IV. 


II,  IV. 

u,iv. 

II,  IV. 


Molybdennm,  U,  TV,  VL 
Tungsten,  IV,  VL 

Ruthenium,    II,  IV,  VL 

Rhodium,  II,  IV,  VL 

Iridium,  II,  IV,  VL 

Osmium,  U,  IV,  VI. 

Aluminum,  IV,  [AliV^ 

Chromium,  II,  IV,  VL 

Manganese,  11,  IV,  VL 

Iron,  II,  IV,  VL 

Cobalt,  II,  IV. 
Nickel,         •  H,  IV. 

Uranium,  U,  IV. 


The  geneml  divisionB  of  chemical  componnds  now  accepted  are  as  fol- 
lows. 

1.  BinaHeSj  where  the  atoms  are  directly  united.  Examples  are  given 
1)V  the  compounds  of  a  positive  (l>asic)  element  with  oxygen  (NajO,  CaO, 
C)02),  called  oxides  /  those  with  snlphnr,  chlorine,  bromine,  itxiinej  etc., 
called  sulphides^  chJoHdes^  etc.  Binary  compounds  of  a  negative  element 
with  hydrogen  (as  HCl,  HBr)  form  acids. 

2.  Ternaries^  where  the  atoms  are  united  by  means  of  a  third  atom,  as 
oxygen,  sulphur,  etc.,  as  CaS04,  Mg2Si04,  etc. 

Among  minerals  there  are  three  classes  of  compounds :  (1)  The  Native 
Elements  ;  (2)  Binary  componnds,  including  the  smphideSy  oxides,  chlorides, 
iodides,  fluorides  ;  (3)  Ternary  compounds,  including  sulphrarsenites^  etc., 
hydrates  (hydrated  oxides),  silicates,  mostly  salts  of  the  acids  1148104  and 
HgSiOa,  tantalates,  columbates,  phosphates,  arsenates,  sulphates,  chromatcs, 
carbonates,  etc.  The  full  enumeration  of  these  compounds,  witli  their  gen- 
eral chemical  formulas,  are  given  in  the  synopsis  which  precedes  tlie 
Descriptive  Mineralogy. 

The  position  of  water  in  the  composition  of  minerals. — Many  minerals 
lose  water,  especially  upon  the  application  of  heat.  With  some  of  these  it 
is  given  off  upc)n  mere  exjx)fiure  to  dry  air  at  ordinary  temperature,  and 
such  crj'stals  are  said  to  effloresce  ;  others  lose  water  when  they  are  plac^Ml 
ill  a  desiccator  over  sulphuric  acid,  or  when  they  are  subjected  to  a  slightly 
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elevated  temperature;  with  others,  again,  a  greater  heat  is  required ;  and 
with  a  few  silicates  water  is  yielded  only  upon  long  continued  heating  at  a 
very  high  temperature.  It  is  evidently  possible  that  either,  (1)  the  mineral 
contains  water  as  such,  or  (2)  the  water  is  formed  by  the  process  of  decom- 
poeitiou  caused  by  the  application  of  heat.  In  the  cases  firat  mentioned, 
where  water  is  reaidily  given  off,  it  is  believed  that  the  water  actually  exists 
as  such  in  the  compound.  It  is  found  that  many  salts  take  up  water  when 
they  crystallize,  and  in  some  cases  the  amount  of  water  depends  upon  the 
temperature  at  which  the  salt  is  formed ;  this  water  is  called  water  of 
crystallization.  For  example:  manganous  sulphate  has  three  definite 
amounts  of  this  water  of  cirstallization,  accK)rding  to  the  temperature  at 
which  it  has  been  formed.  When  crystallized  below  7°,  its  composition  is 
AInS04+7HaO;  between  7°  and  20%  MnS04  +  5HaO;  and  between  20^ 
and30°,  Mn&04+4H,0. 

In  those  cases  where  a  very  high  temperature  is  required  to  make  a  loss 
of  water,  it  is  quite  certain  the  water  has  no  place  as  such  in  the  original 
constitution,  but,  on  the  contrary,  that  the  mineral  contains  basic  hydrogen, 
replacing  the  other  basic  elements.  In  some  cases,  where  part  of  the  water 
is  yielded  at  a  low  and  the  rest  at  a  very  hicjh  temperature,  this  shows  that 
a  difference  exists  in  regard  to  the  part  wnich  the  water  plays  in  the  two 
cases  ;  for  example,  crystallized  sodium  phosphate  yields  readily  24  equiva- 
lents of  water,  while  the  remaining  1  molecule  is  given  off  only  at  a  tem- 
perature between  300°  and  400° ;  from  this  it  is  concluded  that  in  the 
latter  case  the  elements  forming  the  water  exist  actually  in  the  salt,  and 
that  its  composition  is : 

HjNa4Pa08  +  24aq. 

The  part  played  by  the  water  in  the  silicates  is  in  most  cases  still  unde- 
cided, though  in  many  species  the  hydrogen  is  undoubtedly  basic.  The 
latter  is  doubtless  true  of  many  of  the  so-called  hydrous  silicates.  The  views 
commonly  held  in  regard  to  them  will  be  gathered  from  the  descriptive  part 
of  this  work. 

Chemical  formulas  for  minerals. — A  chemical  formula  expresses  the 

relative  amounts  of  the  different  elements  present  in  the  compound,  in 

tei-ms  of  their  atomic  weights— or,  in  other  words,  more  strictly  the  number 

<bf  atoms  of  each  element  in  a  given  molecule  with  or  without  the  expression 

of  their  probable  grouping. 

Empirical  formulas  simply  state  in  the  briefest  form  the  result  of  the 
analysis,  giving  the  number  of  atoms  of  each  element  present  without  any 
theoretical  <x)nsiderations.  For  example,  the  empirical  formula  of  epidote 
is  SieAljCfc^HaOae. 

The  object  of  the  rational  formulas  is  to  express  not  only  the  number  of 
atoms  of  each  element  present,  but  also  their  probable  method  of  grouping, 
and  Isolation  to  each  other,  in  the  molecule,  xhese  are  called  typicat  for- 
miUoh  when  the  attempt  is  made  to  arrange  the  atoms  in  accordance  with  the 
type  of  water,  or  some  other  type. 

In  the  rational  formulas  of  the  old  chemistry  the  oxygen  (or  sulphur) 
was  apportioned  to  the  several  elements,  according  to  their  combining 
power,  and  the  basic  and  acid  oxides,  or  sulphides,  thus  obtained  were  writ- 
ten consecutively.    For  example,  the  formula  of  wollastonite  (calcium  sili< 
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cate),  according  to  the  old  dualiBtic  method,  was  written  CaO,  SiOj,  and 
of  anhydrite  (calcium  sulphate),  CaO,  SOj.  The  principles  of  the  new 
chemistry  have  set  aside  these  rational  formulas  ;  but  as  others  consistent 
with  the  new  principles  now  adopted  have  not  in  all  cases  been  accepted, 
it  is  customary  to  give  the  formulas  of  minerals  empirically.  For  those 
above  the  empirical  formulas  are  CaSiOg  and  CaS04. 

Relation  between  the  old  and  new  systems, — The  points  of  difference 
between  the  old  and  new  chemistry  have  already  been  hinted  at.  The 
principal  changes  which  have  been  introduced  by  the  latter  are  :  (1)  The 
doubling  of  all  the  atomic  weights,  except  those  of  the  monad  elements, 
and  also  of  bismuth,  arsenic,  antimony,  nitrogen,  phosphorus,  and  boron, 
whose  oxides  are  now  written  Bi208,  instead  of  BiOg,  etc.  Corresponding 
to  this  change,  binary  compounds  involving  the  monad  elements  are  writ- 
ten :  HjO  instead  of  HO,  ISagO  for  NaO,  NagS,  etc.,  also  CaClg  instead  CaCl, 
fc>iF4  instead  of  SiFg,  and  so  on.  (2)  The  method  of  viewing  tlie  composi- 
tion of  ternary  compounds — these  being  now  regarded  not  as  compounds 
of  an  oxide  and  a  so-called  acid,  but  as  compounds  for  the  most  part  of 
the  several  elements  concerned,  and  hence  a  metal  in  a  compound  is 
believed  to  be  replaced  by  another  metal,  not  one  oxide  by  another.  Hence 
we  say  calcium  carbonate,  or  carbonate  of  calcium  insteaa  of  carbonate  of 
lime,  and  write  the  formula  CaCOg,  not  OaO,  COj ;  and  so  in  the  other 
cases. 

Replacing  power  of  the  different  elements. — It  has  been  mentioned 
that  the  replacing  power  of  the  elements  is  in  proportion  to  their  combining 
power,  that  is,  to  their  quantivalence.  For  example,  one  atom  of  Mg  or 
of  Ba  may  replace  one  atom  of  Ca,  all  being  dyads  ;  but  two  atoms  of  Xa 
(monad)  are  required  to  replace  one  of  Ca ;  similarly  three  dyad  atoms  are 
equivalent,  or  may  replace,  one  hexad  atom,  thus,  3Ca  =  [AI2]. 

Tlie  relation  of  the  different  oxides  may  be  understood  from  the  follow- 
ing scheme,  in  which  the  above  principle  is  made  use  of.  The  line  A 
below  contains  the  different  kinds  of  oxides.  B  the  same  divided  each  by 
its  number  of  atoms  of  oxygen  (that  is,  severally,  for  the  successive  terms, 
by  1,  3,  2,  5,  3,  7,  4),  by  which  division  they  are  reduced  to  the  protoxide 
form.     C  the  basic  elements  alone : 


A 

RO 

R20» 

R0» 

R«0» 

R0« 

R»0' 

RO* 

B 

EO 

R»0 

Rio 

R»0 

R»0 

R»0 

R*0 

0 

R 

R> 

R* 

Ri 

R* 

R» 

Ri 

According  to  the  above  law  the  R,  R*,  R*,  etc.,  in  the  last  line,  are  mutu- 
ally replaceable,  1  for  1,  tiiough  varying  in  atomic  weight  from  1  to  J. 
They  represent  different  states  in  which  elements  may  exist,  and  have,  to  a 
certain  extent,  independent  element-like  relations.  In  some  cases,  as  in 
iron,  four  of  these  states  are  represented  in  a  single  element,  the  compounds 
(1)  FeO,  FeS,  (2)  Fe^O',  (3)  FeS^  (4)  FeO«,  containing  this  metal  m  foui 
states  Fe,  Fe»,  Fe*,  Fe*. 

The  use  of  the  fractions  can  be  avoided  by  multiplying,  instead  of  divid- 
ing, thus,  Fe*  of  Fe^O*  replaces  Fe  of  FeO,  we  might  have  said,  2Fe  of 
F^  replaces  3Fe  of  FeO  (Fe^O*,  Fe^O»),  and  so  for  the  others. 

These  diffei*ent  states  of  the  elements  are  best  designated  in  the  symbolfi 
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by  the  Greek  letters  a,  )8,  etc.,  thus  avoiding  all  confusion.    The  above 
hues  A,  B,  C  then  become 


A 

aRO 

3y8RO 

2yR0 

6SR0 

3eR0 

7?RO 

4»?R0 

n 

aRO 

ySRO 

7RO 

8R0 

«RO 

?R0 

TjRO 

0 

oR 

0R 

7R 

SR 

cR 

?R 

rjR 

By  means  of  this  system  all  the  different  oxides  may  be  reduced  to  the 
common  protoxide  form,  and  thus  the  true  i^elations  of  the  sih'cates  may  be 
clearly  expressed.  This  is  exhibited  in  the  formulas  for  the  silicates  given 
in  Daiia^s  System  of  Mineralogy  (1868). 

Calculation  of  a  formula  from  an  analysis. — The  result  of  an  analysis 
gives  the  proportions,  in  a  hundred  parts  of  the  mineral,  of  either  the  ele- 
ments themselves,  or  of  their  oxides  or  other  compounds  obtained  in  the 
chemical  analysis.  In  order  to  obtain  the  atomic  proportions  of  the  ele- 
ments :  Divide  the  percentages  of  the  elements  by  the  respective  atomio 
WEIGHTS ;  or,  for  those  of  the  oxides :  Divide  the  percentage  amx)unts  of 
each  by  their  molecdlab  weights  ;  then,  find  the  simplest  ratio  in  whole 
nnmhersfor  the  numbers  thus  obtained. 

JExamples. — Aji  analysis  of  bournonite  from  Meiseberg  gave  Rammels- 
bei^ :  Lead  (Pb)  42-88,  copper  (Cu)  13-06,  antimony  (Sb)  24*34,  and  sul- 
phur (S)  19*76  =  100-04.  Dividing  each  amount  by  its  atomic  weight  we 
obtain : 

42-8  5       ^_        13-06       ^^^      ■   24-34       ^,^        19-76       ^,^^ 
^0f='2'^'       63^= -^^^5       -I^=-217;      ^r  =  -^^^^- 

The  atomic  ratio  is  hence :— Pb  :  Cu  :  Sb  :  S  =  -207  :  -206  :  -217  :  '6176 ; 
that  is,  1-005  :  1  :  1-053  :  2-998,  or  in  whole  numbers,  1:1:1:3.  The 
empirical  formula  is  consequently  CuPbSbSg. 

An  analysis  of  epidote  from  Untereulzbach  gave  Ludwig : 

SiOa        AlOs        FeOg        FeO        CaO        HjO 

37-83       22-63        1502        0-93        23-27       205  =  101-73. 

From  the  results  of  the  analysis  ffiven  in  this  forra^  the  percentage 

amount  of  each  element  may  be  calculated  in  the  usual  way  ;  we  obtain : 

Si  17-65,  Al  12-06,  Fe  10-51,  FeO  0-72,  Ca  16-62,  H  0.23,  O  43-64.     The 

number  of  atoms  of  each  element  may  be  calculated  from  the  last  given 

17-65 
percentages  by  dividing  each  by  the  atomic  weight,  that  is  =  -630 

12*06  ' 
for  Si,     ^^    =  0-22  for  Al  (=  Alj),  etc.  Or,  the  percentage  amounts  of  each 

oxide  may  be  divided  by  its  molecular  weight,  and  the  result  will  be  the  same ; 

37*83 
for  SiO„  the  molecular  weight  is  60  (28  +  2x16),  hence,  -\^  =  -630  as 

22*63 
before ;  also  for  Al,  103  (=  2  x  27*5 + 8  x  16),  and  ^^  =  0-22,  etc.      The 

atomic  proportions  thus  obtained  are: 
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Si 
0-630 

±1           Se 

0-220        0-094 

Fe           0« 
0-013        0-415 

H 
0-230 

2-2 
2 

o 

2-727,07  simplj 

6 
6 

■314 
2-99 
8 

0-428 
4-OT 
4 

26-79,    omgiin, 
26. 

The  empirical  formula  is  consequently  Si^ljC&tHfOjg.  As  in  the  above 
case,  it  is  necessary,  when  very  small  quantities  onlj  of  certain  elements 
are  present,  to  neglect  them  in  the  final  formula,  reckoning  them  in  witli 
the  elements  which  they  replace,  that  is,  with  those  of  the  same  quantiva- 
lence.  The  degree  of  correspondence  between  the  analysis  and  the  formula 
deduced,  if  the  latter  is  correctly  assumed,  depends  entirely  npon  the  accuracy 
of  the  former. 

Qiiantivalent  Ratio. — In  the  chemical  constitution  of  most  minersk 
there  exists  a  strniig  distinction  between  the  basic  and  acidic  dements,  and 
this  relation,  in  the  ease  of  subBtancee  of  complex  character,  is  often  fixed 
when  otherwise  the  compositi<«i  is  exceedingly  varied.  In  the  dnalistic 
ffu-mnlas  of  the  old  chemistry  this  relaticjn  was  expressed  in  the  "  oxygen- 
rtUifi,"  which  gave  the  ratio  between  tlie  number  of  oxygen  atoms  belong- 
ing respectively  to  tJie  bases,  protoxide  and  sesqnioxide,  and  to  the  acid. 
Tfie  expression,  "  ox vgcn- ratio,"  is  not  in  harmony  with  the  present  method 
of  viewing  chemical  compounds,  and  the  term  has  consequently  been,  to 
wjine  extent,  abandofted  ;  the  same  relation,  however,  between  the  different 
classes  of  elements  still  exists,  but  the  ratio  must  be  regarded  as  that  exist- 
ing between  the  total  quanti valences  of  each  group  of  elements,  and  hence 
may  be  called  the  Qoantivai.hnt  Ratio.* 

The  old  formula  for  all  the  members  of  the  garnet  family  if  Sft,  fi,  3Si 
=  3RO,  ROb,  3Si(>„  and  the  oxt/gi^n  ratio  for  ft  :  it :  Si  =  I  :  1  :  2,  or  for 
bases  to  silica,  1  :  1.  Hei-c  R  may  be  cither  Ca,  Mg,  t'e,  Mn,  or  Cr,  and  ft 
either  Al,  Pe,  6'r.  This  formula,  howe^'er,  written  according  to  tlie  new 
system  (the  qii an ti valence  being  cxpi-esaed  by  Roman  numerals  over  the 
syrnliols),  is: 

E,fiSisOa ;  or  R,ft|Oi,lSi„ 

to  indicate  that  the  oxygen  is  regarded  as  all  linking  oxygen.  The  ratio 
of  the  total  q  n  an  ti  valences  for  each  class  of  elements,  dyads  and  hexada 
(basic),  and  the  tetrad  silicon  (acidic),  is : — 3  x  II ;  VI  :  3  x  IV,  or,  Q.  ratio 
for  R  :  R :  Sit  =  6  :  6  :  12,  that  is,  1 :  1  :  2. 

The  same  ratio  for  (R+B) :  Si  =  1  :  1,  both  of  which  are  identical  with 
the  previonsly  given  oxygen  ratio. 

B  brought  out  b.T  Prof.  Dana  in  1867  (Am.  J.  Soi.,  zlW.,  89,  S/S3,  SOS). 

A  It  forran  the  biui*  at  &U  the  fonnulne,  oooording  to  tbe  new  Bystem,  in  Dana's  Sjratem  of 

*"  ttlogy,  18(18.     Pruf.  Cooke  hu  dUoiuaed  the  same  labjeot  (Am.  J.  So!..  II.,  zlvii,  386, 

Lbc  caiU  tbo  mlin,  the  Atomio  Ratio  :  the  latter  term,  howsTer,  is  fenerallj  naed  la  a 

heni^e  Ihe  ezpreaaion  QauitiTalent  Ratio  employed  here. 

b  this  woric  Uie  letter  B,  uulesa  otherwine  mcUoated,  reprenenta  a  M^a&a( 

r  Fij.  M,  6r,  Mn.  where  fjn  qanotiTalGiioe  of  the  doable  atom  is  nz.     In 

Date  foitiwr  relatlcnu,  tlie  tigu  of  the  qnantiTklenoe  ia  KunotdinM  emidoT*^ 
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Thus  the  oxygen  ratio  of  the  old  system  becomes  the  quantivalerU  ratio 
of  the  new,  ^'  a  term,  too,  which  has  a  wider  meaning  and  bearing  than  that 
which  it  i-eplaces."  This  principle  of  the  ratio  between  the  total  qaanti- 
valences  is  an  important  one,  and  fundamental  in  the  cliaracter  of  chemical 
compounds.  This  is  well  shown  in  the  example  here  given,  where,  for  a 
family  of  minei'als  of  so  varied  compositicm  as  the  garnets,  it  remains  con- 
stant in  all  varieties.  Its  importance  is  even  more  marked  in  the  many 
silicates  where  fi  replaces  SR  (as  in  spodumene  in  the  pyroxene  family). 

The  quantivalent  ratio  is  obtained  by  multiplying  the  quantivalence  of 
each  class  of  elements  present  by  their  number  of  atoms;  or  by  dividing 
the  percentage  amount  of  each  element  by  the  atomic  weight  and  multiply 
by  Its  quantivalence.  When  the  basic  or  acid  oxides  are  given,  divide 
the  percentage  amount  of  each  by  the  molecular  weight,  and  multiply  aa 
before  by  the  number  expressing  the  quantivalence,  and  the  result  is  the 
total  quantivalence  for  the  given  element. 


Dimorphism.     Isomorphisbi. 

A  chemical  compound,  which  crystallizes  in  two  forms  genetically  dis- 
tinct, is  said  to  be  dimorphous  ;  ir  in  three,  trimorphous,  or  in  general 
plemamyhous.    The  phenomenon  is  called  dimorphism,  or  pleomorphism. 

On  the  other  hand,  chemical  compounds,  which  are  of  dissimilar  though 
analogous  composition,  are  said  to  be  iaomorphous  when  their  crystalline 
forms  are  identical,  or  at  least  very  closely  related  (sometimes  called  homoeo- 
morphous).     This  phenomenon  is  called  isomorphism. 

An  example  oi  pleomorphism  is  given  by  the  compound  calcium  carbon- 
ate (CaCOg),  which  is  triinorphous :  appearing  as  calcite,  as  aragonite,  and 
as  baryto-calcite.  As  calcite^  it  crystallizes  in  the  rhombohedral  system, 
and,  unlike  as  its  many  crystalline  forms  are,  they  may  be  all  referred  to 
the  same  fundamental  rhonibohedron,  and,  what  is  more,  they  have  all  the 
same  cleavage  and  the  same  specific  gravity  (2*7),  and,  of  coui-se,  the  same 
optical  characters.  As  aragonite^  calcium  carbonate  ap|»eai*s  in  orthorhom- 
bic  crystals,  whose  optical  characters  are  entirely  different  from  those  of 
calcite,  as  will  be  understood  from  the  explanations  made  in  the  preceding 
chapter.  Moreover,  the  specific  gravity  of  aragonite  (2*9)  is  higher  than 
that  of  calcite  (2'7).  Again,  as  barytO'Caldte^  calcium  carbonate  ijrystal- 
lizcs.in  a  monoclinic  form. 

The  explanation  of  the  phenomenon  of  pleomorphism  in  this  case — and 
an  analogous  explanation  must  answer  for  all  suca  cases — is  to  be  found, 
not  as  was  once  prnposed  in  a  slight  variation  of  chemical  composition,  but 
ill  the  diflferent  conditions  in  which  the  same  compound  has  been  formed, 
Thus  Rose  has  shown  that  the  calcium  carbonate  precipitated  from  a  solu- 
tion by  the  alkaline  carbonates  in  the  cold  has  the  form  of  calcite,  whereas, 
if  the  precipitation  takes  place  at  a  temperature  of  100''  C,  it  takes  the 
form  of  aragonite.  Moreover,  he  found  that  aragonite  on  heating  fell  to 
powder,  and  though  no  loss  of  weight  took  place,  the  specific  gravity  (2*9) 
bec^ime  that  of  calcite  (2''2). 

Many  other  examples  of  pleomorphism  may  be  given :  Silica  (SiOg)  is 
triniorphous ;  appearing  as  quartz^  rhombohedral,  G  =  2*66 ;  as  tridymiie, 
12 
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Caluite,  aragonite,  and  barytocalcite  form  an  undoubted  case  of  trimor 
phisvi,  as  has  ali-eady  been  shown.  Dreelite,  aiiglesite,  and  glaiiberite 
constitute  autitlier  like  series,  and  luoronver  it  ie  closely  parallel  in  an{»le 
with  the  former.  In  the  third  line  we  have  the  Biilphato-carbonate  susan- 
nite  near  dreelite  in  an^Ie,  leadhtllite  (tdeiitica!  with  susannite  in  cotnpoei- 
tion)  near  anglesite,  and  lanarkite,  another  siilphato-carbonate,  near  glaii- 
berite,  fonniug  thns  a  third  parallel  line,  Tlie  sulphuric  acid  in  these  eul- 
phato-carlxmates  dominates  over  the  carbonic  acid,  and  gives  the  form  of 
the  Biilphates  eniimei-ated  in  the  second  line  of  the  table. 

Cheuiou.  Exajonatiok  of  Mineralb. 

The  chetnical  characters  of  minerals  are  ascertained  {«)  by  the  action  of 
acids  and  other  reagents ;  (i)  by  means  of  the  blowpipe  assisted  by  a  few 
chemical  reagents  ;  {<;)  by  chemical  analysis.  The  last  method  is  the  only 
one  by  which  the  exact  chemical  composition  of  a  mineral  can  be  deter- 
mined. It  belongs,  however,  wholly  to  chemistry,  and  it  is  unnecessary  to 
touch  upon  it  here  except  to  call  attentioTi  to  the  remarks  already  made 
(p.  15fi)  upon  the  essential  importance  of  the  use  of  pure  material  for  analysis. 

The  various  tests  and  reactions  of  the  wet  and  dry  methods  are  important, 
since  tlioy  often  make  it  possible  to  determine  a  mineral  with  very  little 
labor,  and  this  with  the  use  of  the  nunimnm  amomit  of  material. 

a.  Examijuition  in  the  Wet  Way. 

The  most  common  chemical  reagents  are  the  three  mineral  acids,  hydro- 
chloric, nitric,  and  sulphuric.  In  testing  the  powdei'ed  mineral  with  these 
acids,  the  important  jioints  to  he  noted  are:  (I)  the  degree  of  solnbility, 
and  i^l)  tl)c  phenomena  attending  entire  or  partial  solution  ;  that  is,  whether 
a  gas  is  evolved,  producing  efferrescence,  or  a  solution  is  obtained  without 
effer\escence,  or  an  insoluble  coutitituent  is  separated  out. 

Sohihilify. — In  testing  the  degree  of  solubility  hydrochloric  acid  is  most 
coujuonly  used,  though  in  the  case  of  sulphides,  and  compiHinds  of  lead 
and  silver,  nitric  acid  is  required.  Less  often  sulphuric  acid,  and  aqua 
regia  (nitiiwhydrochloric  acid),  are  resorted  to. 

iliiny  minerals  are  completely  soltiMe  vyithout  effervescence  :  among  these 
are  smne  of  the  oxides,  hematite,  limoiiite,  gothite,  etc.,  some  sulphates, 
many  phosphates  and  arseniates,  etc, 

HijI'ihiHtif  xoith  eferve/teence  takes  place  when  the  mineral  loses  a  gnseons 

ingredient,  or  wlien  one  is  generated  by  the  mutual  decomposition  of  acid 

and  mineral.    Host  conspicuous  here  are  the  carbonates,  all  of  which  dissolve 

with  effervescence,  giving  off  carbonic  acid  (pi-operly  carbon  dioxide,  COj), 

though  some  of  them  only  when  pulverized,  or  again,  on  the  addition  of 

Ikeat.     In  applying  this  test  dilute  hydrochloric  acid  is  employed.     Sul- 

itpliui'-irril  !i\.l;ML,','n  (H,S)  iB  evolved  by  some  sulphides,  when  dissolved  in 

Eoydr  ulil-uic  aiiii:   this  is   true  of  sphalerite,  stibnile,  greenockite,  etc. 

_  OhI'u  iiu-  is  I'voKxd  by  oxides  of  manganese  and  also  chromic  and  vanadic 

rad  sails,  when  dissolved  in  hydrochloric  acid.     Nitric  peroxide  is  given 

*  LDiany  niettillic  minerals,  and  also  some  of  the  lower  oxides  (cnprite, 

u  treated  with  nitrio  acid. 
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Jfonoclinic  system. — Copperas  group  imelanterite  FeS044-7aq;  bleberite 
CoSOi-l-Taq,  etc.     Pyroxene  ffronp,  RSiOs,  etc. 

Monodinw  and  Tndinic.     Feldspar  group. 

The  above  enumeration  includes  only  the  more  prominent  among  the 
isomorphous  CTOups.  In  many  other  cases  a  close  relationship  exists  among 
species,  both  m  form  and  composition,  as  brought  out  in  Dana^s  System  of 
Mineralogy  (1854),  and  as  also  to  some  extent  exhibited  in  the  grouping  of 
the  species  in  the  descriptive  part  of  this  work. 

(1)  It  will  be  observed  in  the  above  that  a  replacement  of  an  element  in  a 
compound  by  one  or  moi*e  other  elements,  chemically  equivalent,  may  take 
place  without  any  essential  change  of  the  crystalline  form.  Besides  this  a 
part  of  one  element  may  be  similarly  replaced.  This  is  illustrated  in  the 
case  of  tlie  rhombohedral  carbonates :  calcite  has  the  composition  CaCOs, 
and  magnesite  MgC03 ;  but  in  dolomite  the  place  of  the  basic  element  is 
taken  by  Ca  and  Ms  in  equal  proportions,  so  that  the  fornmla  may  be 
written  (4Ca+iMg)C08,  or  more  properly  CaMgC20«.  But  besides  this 
compound  there  are  others  where  the  ratio  of  Ca  to  Mg  is  3  :  2,  also  2  :  1, 
and  3  :  1,  etc.  Further  than  this  the  Ca  or  Mg  may  be  in  part  replaced  by 
Mn,  Fe,  orZn. 

The  mineral  ankerite  is  one  in  which  Ca,  Mg,  Fe  (Mn),  all  enter,  and  in 
different  proportions.  Boricky  has  shown  that  the  composition  of  the 
ankerite  group  of  compounds  is  expressed  by  the  formula : — CaCOg  +  FeCOg 
-f-aKCaMgCgOe),  where  x  may  be  i,  1,  |,  },  f ,  2,  3,  4,  6,  10.  This  and  all 
similar  cases  are  examples  of  isomorphous  replacement. 

It  is  not  essential  that  the  replacing  elements  in  an  isomorphous  series 
Bhonld  have  the  same  quantivalence,  although  this  is  generally  true.  For 
example,  spodumene  is  isomorphous  with  the  pyroxene  group,  though  in  it 
the  bivalent  element  is  replaced  by  a  sexivalent  (3R  =  fi).     do,  too,  meuac- 


IlIV 


caiiite  was  included-  in  the  corundum  group,  since  here  RROg  is  isomor- 
phous with  fiOj.  This  relation  of  the  elements,  which  are  not  equivalent, 
is  brought  out  by  the  method  of  viewing  the  oxides  presented  on  p.  174. 

(2).  Minemls  which  crystallize  in  different  systems  may  yet  be  isomor- 
phous, when  the  difference  between  their  geometrical  form  is  slight ;  this 
18  conspicuously  true  of  the  members  of  the  feldspar  family. 

(3).  Minerals  may  be  closelv  related  in  form,  although  there  is  no  ana- 
logy whatever  between  their  cliemical  composition  ;  many  such  cases  have 
been  noted,  e.g.y  axhiite  and  glauberite,  azurite  and  epidote. 

Two  substances  may  be  both  homoeomorphous  and  correspondingly 
dimorphous ;  and  they  are  then  described  as  isodim^rphous.  Titanic  oxide 
(TiOj),  and  stannic  oxide  (SnOj),  are  both  dimorphous,  and  they  are  also 
honKBomorphons  severally  in  each  of  the  two  forms.  This  is  an  example 
of  ispdimorphism. 

There  are  also  cases  of  isotrimorphism.  Thus  there  are  the  following 
related  groups ;  the  angle  of  the  rhombohedral  forms  hei'e  given  is  Ji  :  H; 
of  the  orthorhombic  and  monoclinic  / :  /(for  baryto-calcite  2-i  on  2-S) : 

Bhamboh^ral  Orthorhambie,  MmocUnio. 

BOO,  Calcite,  105**  5'.  Aragonite,  11«*  10'.  Barytocaldte,  OS"  8'. 

BSO«  DreeUte,  03<'-04o.       Anglesite,  lOS"*  88'.  Qlauberite,  88''-83''  dO*. 

BSOf+nBGOs        Soaannite,  94^  Leadhlllite,  lOS*"  16'.        Lanatkite,  Si*" 
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jet  ma}'  also  be  used  in  cou junction  with  the  ordinary  Bunseu  burner,  it 
being  80  made  as  to  slip  down  within  the  outer  tube,  and  cut  o£E  the  supply 
of  air,  thus  giving  a  luminous  flame.  The  ^as  flame  required  need  not  be 
mo]*e  than  an  inch  and  a  half  in  height  In  place  of  the  gas,  a  lamp  fed 
with  olive  oil  will  answer,  or  even  a  good  candle. 

The  jet  of  the  blowpipe  is  brought  close  to  the  gas  flame  on  the  higher 
side  of  the  obliquely  terminated  burner.  The  arm  of  the  blowpipe  la 
inclined  a  little  downward,  and  the  blast  of  air  produces  an  oblique  conical 
liauie  of  intense  heat.  This  blowpipe  flame  consists  of  two  cones :  an  inner 
of  a  blue  color,  and  an  outer  cone  which  is  yellow.  The  heat  is  most 
intense  just  beyond  the  extremity  of  the  blue  flame,  and  the  mineral  is  held 
at  this  point  when  its  Jiicsibility  is  to  be  tested. 

Tlie  inner  flame  is  called  the  BEDUomo  flame  (R.F.)  ;  it  is  characterized 
by  the  excess  of  the  carbon  or  hydrocarbons  of  the  gas,  which  at  the  high 
temperature  present  tend  to  combine  with  the  oxygen  of  the  minerul 
brought  into  it,  or  in  other  words,  to  reduce  it.  The  best  reducing  flame 
is  produced  when  the  blowpipe  is  held  a  little  distance  from  the  gas  flame; 
it  should  retain  the  yellow  color  of  the  latter. 

The  outer  cone  is  called  the  oxidizing  flame  (O.F.)  ;  it  is  characterized 
by  the  excess  of  the  oxygen  of  the  air  over  the  carbon  of  the  gas  to  be  com- 
bined with  it,  and  has  hence  an  oxidizing  effect  upon  the  assay.  This 
flume 'Is  best  produced  when  the  jet  of  the  blowpipe  is  inserted  a  very  little 
ill  the  gas  flame ;  it  should  be  entirely  non-luminous. 
youjyporta. — Of  other  apparatus  required,  the  most  essential  articles  are 
lose  wliich  serve  to  support  the  mineral  in  the  flame ;  these  supports  are : 
v^l)  charcoal,  (2)  platinum  forceps,  (3)  platinum  wire,  and  (4)  glass  tubes. 

(1)  Charcoal  is  especially  useful  as  a  support  in  the  case  of  the  examina- 
tion of  metallic  minerals,  where  a  reduction  is  desired.  It  must  not  crack 
when  lieated,  and  should  not  yield  any  considerable  amount  of  ash  on  c(»in- 
bnstion  ;  that  made  from  soft  wood  (pine  or  willow)  is  the  best.  Pieces  of 
convenient  size  for  holding  in  the  hand  are  employed  ;  they  should  have  a 
smooth  surface,  and  a  small  cavity  should  be  in  it  made  for  the  mineral. 

(2)  A  convenient  kind  of  platinum  forceps  is  represented  in  f .  414  ;  it 
is  made  of  steel  with  platinum  points.     These  open  by  means  of  the  pins 

414 


r>p  ;  other  forms  open  by  the  spring  of  the  wire  in  the  handle.  Care  must 
be  taken  not  to  heat  any  substance  (e,g.^  metallic)  in  the  forceps,  which  when 
fused  might  injure  the  platinum. 

(3)  Platinum  wire  is  employed  with  the  use  of  fluxes,  as  described  in 
another  place. 

(4)  The  glass  tvhes  required  are  of  two  kinds :  dosed  tubes,  having  only 
one  open  end,  about  four  inches  long;  and  open  tubes,  having  both  ends 
open,  four  \o  six  inches  in  length.     Both  kinds  can  be  easily  made  by  the 

|udent  from  ordinary  tubing  (best  of  rather  hard  glass),  having  a  bore  of 
*    '  an  inch. 
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In  the  way  of  additional  apparatus,  the  following  articles  are  useful ;  thej^ 
need  no  special  description  :  naminer,  small  anvil,  three-cornered  file,  mag- 
net, pliers,  pocket-lens,  and  a  small  mortar,  as  also  a  few  of  the  test-tubes, 
etc.,  used  in  the  labomtory. 

Chemi(*<d  reagents, — The  commonest  reagents  employed  are  the  fluxes^ 
Viz.,  soda  (sodium  carbonate) ;  salt  of  pnosphorus  (sodium-ammonium 
pWphate) ;  and  boi-ax  (sodium  biborate).  The  method  of  using  them  is 
api>ken  of  on  p.  1S6. 

Nitrate  of  cobalt  in  s^^lntion  is  also  employed.  It  is  conveniently  kept 
iu  a  small  bulb  f I'om  which  a  drop  or  two  may  be  obtained  as  it  is  needed. 
This  is  used  principally  as  a  test  for  aluminum  or  magnesium  with  infusible 
minerals,  as  remarked  beyond.  The  fragment  of  the  mineral  held  in  the 
forceps  is  fii-st  ignited  in  the  blowpipe  liame,  a  dmp  of  the  cobalt  solution 
is  placed  on  it,  and  then  it  is  heated  again ;  the  presence  of  either  constitu- 
ent named  is  manifested  by  the  color  assumed  by  the  ignited  mineral.  It 
is  also  used  as  a  test  for  zinc.  Potassium  bisulphate  and  calcium  fluoride 
(fluorite)  in  jwvvder,  metallic  magnesium  (foil  or  wire),  and  tin  foil,  are 
other  reagents,  the  use  of  which  is  explained  later.  Test  papers  are  also 
needed,  viz.,  blue  litmus  paper,  and  turmeric  paper. 

The  wet  reagents  required  are :  the  ordinary  acids,  and  most  important 
of  these  hydrochloric  acid,  generally  diluted  one-half  for  use,  and  also 
bariam  chloride,  silver  nitrate,  ammonium  molybdate. 

The  blowpipe  investigation  of  minerals  includes  their  examination,  (1)  in 
the  platinum-pointed  forceps,  (2)  in  the  closed  tube,  (3)  in  tlie  open  tube, 
(4)  on  charcoal,  and  (5)  with  the  fluxes. 

(1)  Examination  in  the  forceps, — The  most  important  use  of  the  plati- 
num-pointed forceps  is  to  hold  the  fragment  of  the  mineral  while  its  fusi- 
bility is  tested. 

The  fdnowing  practical  points  must  be  regarded :  (1)  MetalUc  minerals,  which  when  fused 
Bay  injure  the  platinom,  should  be  examined  on  charcoal ;  (2)  the  fragment  taken  should  be 
tiiin,  snd  as  small  as  can  conveniently  be  held ;  (3)  when  decrepitation  takes  place,  the  heat 
Buut  be  applied  slowly,  or,  if  this  does  not  prevent  it,  the  mineral  may  be  powdered  and  a 
pisto>made  with  water,  thick  enough  to  be  held  in  the  forceps  or  on  the  platinum  wire  ;  or 
the  paste  may,  with  the  same  end  in  view,  be  heated  on  charcoal ;  (4)  the  fragment  whose 
fuihility  is  to  be  tested  must  be  held  in  the  hottest  part  of  the  flame,  just  beyond  the 
nfcremity  of  the  blue  cone. 

In  connection  with  the  trial  of  fusibility,  the  following  phenomena  may 
be  observed  :  {a)  a  coloration  of  the  flame;  {b)  a  swelling  up  (stilbite),  or 
an  exfoliation  of  the  mhieral  (vermiculite) ;  or  {a)  a  glowing  without  fusion 
(caleite) ;  and  {d)  an  intumescence,  or  a  spirting  out  of  the  mass  as  it  fuses 
(scapolite).  The  color  of  the  mineral  after  ignition  is  to  be  noted  ;  and  the 
nature  of  the  fused  mass  is  also  to  be  observed,  whether  a  clear  or  blebby 
f^\aa»  is  obtained,  or  a  black  slag,  or  whether  mafjnetic  or  not,  etc. 

The  ignited  fi*agment,  if  nearly  or  quite  infusible,  may  be  moistened 
with  the  cobalt  solution  and  again  ignited  (see  above) ;  also,  if  not  too 
fusible,  it  may,  after  treatment  in  the  forceps,  be  placed  upon  a  strip  of 
moistened  turmeric  paper,  in  which  case  an  alkaline  reaction  shows  the 
presence  of  the  alkaline  earths. 
jfusibtUty. — All  grades  of  fusibility  exist  among  minerals,  from  those 
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which  fuse  in  large  fragments  in  the  flame  of  the  candle  (stibnite,  see 
below),  to  tliose  which  fuse  only  on  the  thinnest  edges  in  the  hottest  blow- 
pipe flame  (bi-onzite) ;  and  still  again  there  are  a  considerable  number 
which  are  entirely  infusible  {e.g,^  corundum). 

The  following  scale  of  fusibility,  proposed  by  v<m  Kobell,  is  made  use 
of  :  1,  stibnite  ;  2,  natrolite ;  3,  aimandine  garnet ;  4,  actinolite  ;  6,  ortho- 
clase ;  6,  bronzite. 

A  little  practice  with  these  minerals  will  show  the  student  what  degree 
of  fusibility  is  expressed  by  each  number,  and  render  him  quite  independent 
of  the  table ;  he  will  thus  be  able  also  to  judge  of  his  power  to  produce  a 
hot  flame  by  the  blowpipe,  which  requires  practice. 

Flame  coloration, — When  coloration  is  produced  it  is  seen  on  the  exterior 
portion  of  the  flame,  and  is  best  observed  when  shielded  from  the  direct  light. 

The  presence  of  soda,  even  in  smaU  quantities,  produces  a  yellow  flame,  which  (except  in 
the  spectroscope)  more  or  less  completely  masks  the  coloration  of  the  flame  due  to  other  mb- 
stances  ;  phosphates  and  borates  give  the  green  flame  in  general  best  when  they  have  been 
pulverized  and  moistened  with  sulphuric  acid ;  moistening  with  hydrochloric  acid  makes  the 
ooloration  in  many  cases  (barium,  strontium)  more  distinct^ 

The  colors  which  may  be  produced,  and  the  substances  to  whose  presence 
they  are  due,  are  as  follows:  (1)  yellow,  «0(/it^;7i/  (2)  yiolet,  potassium ; 
(S)  purple-red,  lithium  '  red,  strontium,,*  yellowish-red,  caZcium,  (lime); 
(4)  yellowish-green,  barium^  molybdenum  /  emerald-greeu,  coppei* ;  bluisii- 
^x^^w^  phoi<2)horxLS  (phosphates) ;  yellowish-green,  boron  (Iwrates) ;  (5)  blue, 
azure-blue,  6v>^^r  chloride  \  \\^t-\A\\e^  arsenic  ;  greenish-blue,  a7i<tm<?ny. 

(2)  ITeatinff  in  the  chsed  tube. — The  closed  tube  is  employed  to  show 
the  effect  of  heating  the  mineral  out  of  contact  with  the  air.  A  small  frag- 
ment is  taken,  or  sometimes  the  powdered  mineral  is  inserted,  though  in 
this  case  with  care  not  to  soil  the  sides  of  the  tube.  The  phenomena  which 
may  be  observed  are  as  follows  :  decrepitation^  as  shown  by  fliiorite,  calcite, 
etc. ;  (jh)wrn(j,,  as  exhibited  by  gadolinite ;  phosphorescence^  of  which  fluorite 
is  an  example  ;  change  of  c<kor{y\\no\\\t(^^  and  liere  the  color  of  the  mineral 
should  be  noted  both  when  hot,  and  again  after  cooling;  fusion ;  giving  off 
6»/5//^<v?.  as  mercuric  oxide;  yielding  v/^a/^^r  at  a  low  or  high  temperaUire, 
which  is  true  of  ail  hydrous  minerals;  yielding  acid  or  alkaline  vapors^ 
which  should  be  tested  by  inserting  a  strip  of  moistened  litmus  or  turmeric 
paper  in  the  tube;  yielding  a  sublimate^  which  condenses  in  the  cold  part 
of  the  tube. 

Of  the  sublimates  which  form  in  the  tube,  the  following  are  tlK»se  with 
which  it  is  most  important  to  be  familiar:  Sublimate  yaWow^  sulphur ; 
dark  brown-red  when  hot,  and  red  or  reddish-yellow  when  cold,  arsenic 
sulphide ;  brilliant  black,  arsenic  (also  giving  off  a  garlic  odor);  black 
when  hot,  brown-red  when  cold,  formed  near  the  mineral  by  strong  heating, 
antimonij  oxysulphide  f  dark-red,  selenium  (also  giving  the  odor  of  decay- 
ing hoi-seradish) ;  sublimate  consisting  of  small  drops  with  metallic  lustre, 
telluriuni  /  sublimate  gray,  made  up  of  minute  metallic  globules,  mercury  } 
sublimate  black,  lustreless,  red  when  rubbed,  mercury  sulphide, 

(3)  Heating  in  th£  open  tube, — The  small  fragment  is  placed  in  the  tube 
^about  an  inch  from  the  lower  end,  the  tube  being  inclined  sufficiently  to 
Inevent  the  mineral  from  slipping  out.     The  current  of  air,  passing  through 
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the  tabe  daring  the  heating  process,  has  an  oxidizing  effect  Tlie  special 
phenomena  to  be  observed  are  the  formation  of  a  aubliinate  and  the  odor 
<if  the  escaping  gases.  The  acid  or  alkaline  character  of  the  vapors  are 
tested  in  the  same  way  as  with  the  closed  tube.  Fluorides,  when  heated  in 
the  open  tube  with  previously  fused  salt  of  phosphorus,  yield  hydrofluoric 
acid,  which  gives  an  acid  reaction  with  test-paper,  has  a  peculiar  pungent 
odor,  and  corrodes  the  glass. 

The  su^/limcUes  which  may  be  formed,  as  far  as  they  differ  from  those 
jili-cady  mentioned,  as  obtained  in  the  closed  tube,  are  as  follows :  Subli- 
mate, white  and  crystalline,  volatile,  arsenous  oxide  ;  white,  near  the  min- 
eral crystalline,  fusible  to  minute  drops,  yellowish  when  hot,  nearly  color- 
less when  cold,  molybdic  oxide;  sublimate  white,  yielding  dense  white 
fumes,  at  fii*st  mostly  volatile,  forming  on  the  upper  side  of  the  tube,  and 
afterward  generally  non-volatile  on  the  under  side  of  the  tube,  antiinonous 
and  afUirnonic  oxides;  sublimate  dark  brown  when  liot,  lemon-yellow 
when  cold,  fusible,  bismuth  oxide;  sublimate  gray,  fusible  to  colorless 
drops,  teUurous  oxide  ;  sublimate  steel-gray,  the  upper  edge  appearing  red, 
selenium  ;  sublimate  bright  metallic,  mercury. 

The  od^>rs  which  may  be  perceived  are  the  same  as  those  mentioned  in 
the  following  article. 

(4)  Heating  aJone  on  charcoal. — The  substance  to  be  examined  is  placed 
in  a  slialhiw  cavity ;  it  may  simply  be  a  small  fragment,  or,  where  the 
mineral  decrepitates,  it  may  be  powdered,  mixed  with  water,  and  thus  the 
material  employed  as  a  paste.     The  points  to  be  noticed  are: 

{a\  The  odor  given  off  after  short  heating.  In  this  way  the  presence  of 
Bulpnur,  areenic  (garlic  odor),  and  selenium  (odor  of  decayed  hoi^seradiah), 
may  be  recognized. 

ip)  Fusian. — In  the  case  of  the  salts  of  the  alkalies  the  fused  mass  is 
absorbed  into  the  charcoal ;  this  is  also  true,  after  long  heating,  of  the  car- 
bonates and  sulphates  of  barium  and  strontium. 

(c)  The  infasible  residue. — This  may  (1)  glow  brightly  in  the  O.F.,  indi- 
cating the  presence  of  calcium,  strontium,  magnesium,  zirconium,  zinc,  or 
tin,  (2)  It  may  give  an  alkaline  reaction  after  ignition  :  alkaline  earths. 
(3)  It  may  be  magnetic,  showing  the  presence  of  iron. 

(//)  Tlie  sublimate, — By  this  means  the  presence  of  many  of  the  metals 
may  be  determined.  The  color  of  the  sublimate,  both  near  the  assay  (N), 
iiud  at  a  distance  (D) ;  as  also  when  hot  and  when  cold  is  to  be  noted. 

The  must  important  of  the  sublimates,  with  the  metals  to  which  they  are 
dne,  are  contained  in  the  following  list:  Sublimate,  steel-gray  (N),  and 
(lark  gray  (D),  in  R.F.  volatile  with  a  blue  flame,  selenium  (also  giving  a 
peculiar  odor)  ;  white  (N)  and  red  or  deep  yellow  (D),  in  R.F.  volatile  with 
gi-een  flame,  tellurium  ;  white  (N)  and  grayish  (D),  arsenic  (giving  also  a 
]iecuiiar  alliaceous  odor);  white  (N)  and  bluish  (D),  an^imr^/iy  (alsogivhig 
off  dense  white  fumes).  Reddish-brown,  «^fo^ry  dark  orangc-yell<»w  when 
hot,  and  lemon-yellow  when  cold  (N),  also  bluish-white  (D),  bismuth  ;  dark 
lemon-yellow  when  hot,  sulphur-yellow  when  cold,  lead ;  red-brown  (N) 
and  orange-yellow  (D),  cadmium,;  yellow  when  hot,  white  on  cooling, sine 
(the  sublimate  beci)mes  green  if  moistened  with  cobalt  solution  and  again 
ignited);  faint  yellow  when  hot,  white  on  cooling,  tin  (the  sublimate 
becomeii  bluish-green  when  ignited  after  being  moistened  with  the  cobalt 
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solution,  in  the  R.F.  it  is  reduced  to  metallic  tin) ;  yellow,  sometimef  ciy9- 
talline  when  hot,  white  when  cold  (N),  bluish  (D),  molybdenum,  (ii  O.F. 
the  sublimate  volatilizes,  leaving  a  permanent  stain  of  the  oxide,  in  ILF. 
gives  an  azure  blue  color  when  touched  for  a  moment  with  the  flame). 

(5)  Treatment  with  the  fluxes, — The  three  fluxes  have  been  mentioned 
on  p.  1S3,  They  are  used  either  on  charcoal  or  with  the  platinum  wire. 
If  the  latter  is  employed  it  niuBt  have  a  small  loop  at  the  end  ;  this  is  heated 
to  redness  and  dii)ped  into  the  powdered  flux,  and  the  adhering  particles 
fused  to  a  bead  ;  this  operation  is  repeated  until  the  loop  is  fllled.  Some- 
times in  the  use  of  soda  the  wire  may  at  fii*st  be  moistened  a  little  to  cause 
it  to  adhere.  Wlien  the  bead  is  ready  it  is,  while  hot,  brought  in  contact 
with  the  powdered  mineral,  some  of  which  will  adhere  to  it,  and  then  the 
heating  process  may  be  continued.  Very  little  of  the  mineral  is  in  general 
required,  and  the  experiment  should  be  commenced  with  a  minute  quantity 
and  more  added  if  necessai-y.  The  bead  must  be  heated  successively  in 
the  reducing  and  oxidizing  names,  and  in  each  case  the  color  noted  M'heu 
hot  and  when  cold.  The  phenomena  connected  with  fusion,  if  it  takes 
place,  must  also  be  observed. 

Minerals  coDtaining  sulphur  or  arsenic,  or  both,  must  be  first  roasted,  that  is,  heated  on 
charcoal,  first  in  the  oxidizing  and  then  in  the  reducin^f  flame,  till  these  substances  have  been 
volatilized.  If  too  much  of  the  mineral  has  been  added  and  the  bead  is  hence  too  opaque  to 
show  the  color,  it  may,  while  hot,  be  flattened  out  with  the  hammer,  or  drawn  out  into  a 
wire,  or  part  of  it  may  be  removed  and  the  remainder  diluted  with  more  of  the  flux. 

'  '  1-  ''Borax. — The  following  list  enumerates  the  different  colored  beads 
obtained  with  borax,  and  also  the  metals  to  the  presence  of  whose  oxides 
the  colors  are  due : 

Colorless ,'  silica,  aluminum,  the  alkaline  earths,  etc.  (both  O.F.  and 
K,F.) ;  also  silver,  zinc,  cadmium,  lead,  bismuth,  and  nickel,  O.F.,  and  also 
R.F.,  after  long  heating,  but  when  first  heated,  gray  or  turbid  ;  R.F.,  man- 
ganese. 

Yellow  /  in  O.F.,  titanium,  tungsten,  and  molybdenum,  also  zinc  and 
cadmium,  when  strongly  saturateu  and  hot,*  vanadium  (greenish  when 
hot) ;  iron,  uranium,  and  chromium,  when  feebly  saturated. 

lied  to  brown ;  in  O.F.,  iron,  hot  (on  cooling,  yellow);  O.F.,  chix>mium, 
hot  (^-ellowish-green  when  cold) ;  O.F.,  uranium,  hot  (jellow  when  cold) ; 
nickel,  mauffanese,  cold  (violet  when  hot). 

Red ;  R.F.,  copper,  if  highly  saturated,  cold  (colorless  when  hot). 

Violet ;  O.F.,  nickel,  hot  (red-brown  to  brown  on  cooling)  ;  O.F.,  man- 
ganese. 

Blue;  O.F.  and  RF.,  cobalt,  both  hot  and  cold;  O.F.,  copper,  cold 
(when  hot,  green). 

Green;  O.F.,  copper,  hot  fblue  or  greenish-blue  on  cooling),  E.F.,  bottle- 
green  ;  O.F.,  chromium,  cold  (yellow  to  red  when  hot),  R.F.,  emerald-green; 
O.F.,  vanadiam,  cold  (j-ellow  when  hot),  R.F.,  chrome-green,  cold  (brown- 
lih  wJben  bc^;  ILF.,  uraniam,  vellowish-^reen  (when  highly  saturated). 

'  • — ^This  nux  gives  tor  the  meet  part  reactions  similar 

horaz.    The  only  cases  enumerated  here  are  those 
ince  those  where  the  flux  is  a  good  test. 
c  forms  a  glass  iu  which  the  oases  of  the  silicate 
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are  dissolved,  bnt  the  silica  itself  is  left  insoluble.  It  appears  as  a  skeleton 
readily  seen  floating  alK>ut  in  the  melted  bead. 

The  colors  of  the  beads  and  the  metals  to  whose  oxides  these  are  due,  are : 

Blue  /  RF.,  tungsten,  cold  (brownish  when  hot)  ;  R.F.,  columbium,  cold 
and  when  highly  saturated  (dirty-bliie  when  hot).  Both  these  give  colorless 
IxMuls  in  the  O.F. 

Green  ;  R-F.,  uranium,  cold  (vellowish-green  when  hot) ;  O.F.,  molyb- 
'lenuiD,  pale  on  cooling,  also  RF.,  dirty-green  when  hot,  green  when  cofd. 

Violet  /  R.F.,  columbium  (see  above)  ;  R.F.,  titanium  cold  ()'ellow  when 
hoa 

ooDA  is  especially  valuable  as  a  flux  in  the  case  of  the  reduction  of  the 
metallic  oxides ;  this  is  usually  performed  on  charcoal.  The  finely  pulver- 
ized miuoral  is  intimately  mixed  with  s<»da,  and  a  dn)p  of  wafer  added  to 
form  a  paste.  This  is  placed  in  a  cavity  in  the  charcoal,  and  subjecteil  to 
a  strong  reducinri:  flame.  More  si>da  is  adde«l  as  that  present  sinks  into  the 
coal,  and,  after  the  process  has  been  continued  some  time,  the  remainder 
of  the  flux,  the  assay,  and  the  surrounding  coa)  are  cut  out  with  a  knife, 
and  the  whole  ground  up  in  a  mortar,  with  the  addition  of  a  little  water. 
The  charcoal  is  carefully  washed  awav  and  tlie  metallic  globules,  flattened 
out  by  the  process,  remain  behind.  Some  metallic  oxides  are  very  readily 
reduced,  as  lead,  while  others,  as  copper  and  tin,  require  considei-able  skill 
and  cai-e. 

The  metals  obtained  may  be :  iron,  nickel,  or  cobalt,  recognized  by  their 
being  attracted  by  the  magnet ;  or  copper,  marked  by  its  red  color;  bis- 
muth and  antimony,  which  are  brittle  ;  gold  or  silver ;  antimony,  tellurium, 
bismuth,  lead,  zinc,  cadmium,  which  volatilize  more  or  less  completely  and 
may  be  recognized  by  their  sublimates  (see  p.  185) ;  arsenic  and  mercury 
are  also  reduced,  but  must  be  heated  with  soda  in  the  closed  tube  in  order 
to  collect  the  sublimates.  The  metals  obtained  may  be  also  tested  with 
borax  on  the  platinum  wire. 

By  means  of  soda  on  charcoal  the  prcsence  of  sulphur  in  the  sulphates 
may  be  shown,  though  they  do  not  yield  it  upon  simple  heating.  \Vheu 
soda  is  fused  on  charcoal  with  a  compound  of  sulphur  (sulphide  or  sulphate\ 
sodium  sulphide  is  formed,  and  if  much  sulphur  is  present  the  mass  wiil 
have  the  hepar  (liver-brown)  color.  In  any  case  the  presencte  of  the  sulphur 
ifldiown  by  placing  the  fused  mass  on  a  clean  surface  of  silver,  and  adding 
4dr(»p  of  water;  a  black  or  yellow  stain  of  silver  sulphide  will  be  fonne(i. 
UlQininating  gas  often  c(»ntains  sulphur,  and  hence,  when  it  is  used,  the 
Boda  should  be  flrst  tried  alone  on  charcoal,  and  if  a  sulphur  reaction  is 
obtained  (due  to  the  gas),  a  candle  or  lamp  must  be  employed  in  the  place 
of  the  gas. 

It  is  also  useful  in  the  case  of  many  minerals  to  test  their  fusibility  or 
infusibility  with  soda,  generally  on  the  platinum  wire.  Silica  forms  if  not 
iu  excess  a  cle^r  glass  with  s<xla,  so  also  titanic  acid.  Salts  of  barium  and 
Btrontiom  are  fusible  with  soda,  but  the  mass  is  absorbed  by  the  coal. 
Uany  silicates,  though  alone  diflicultly  fusible,  dissolve  in  a  little  soda  to  a 
clear  glass,  but  with  more  soda  they  form  an  infusible  mass.  Manganese, 
when  present  even  iu  minute  quantities,  gives  a  bluish-green  color  to  the 
lodabead.  ^ 
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CUAItACTBRISTIG  REACTIONS  OF  THE  HOST  IliPOBTANT  ELEMENTS  AND  OV  BOMB  09 

THEiB  Compounds. 

The  followiiig  list  contains  the  most  characteristic  reactions,  both  before 
the  blowpipe  (B.B.J  and  in  some  cases  in  the  wet  way,  of  the  different  ele- 
ments and  their  oxides.  It  is  desirable  for  every  student  to  be  familiar 
with  them.  Many  of  them  have  already  been  briefly  mentioned  in  the 
l>receding  pages.  It  is  to  be  remembered  that  while  the  reaction  of  a 
single  substance  may  be  perfectly  distinct  if  alone,  the  presence  of  other 
substances  may  more  or  less  entirely  obscure  these  reactions ;  it  is  conse- 
quently obvious  that  in  the  actual  examination  of  minerals  precautions  have 
to  be  taken,  and  special  methods  have  to  be  devised,  to  overcome  the  difli- 
culty  arising  from  tliis  cause.  These  will  be  gathered  from  the  pyrognoetic 
characters  given  (by  Prof.  Brush)  in  connection  with  the  description  of 
each  species  in  the  Third  Part  of  this  work. 

For  many  substances  the  most  satisfactory  and  delicate  tests  are  those 
which  have  been  given  by  Bunsen  in  his  important  paper  on  Flame-reac- 
tions (Flammenreactionen,  Ann.  Ch.  Pharm.,  cxxxviii.,  257,  or  Phil.  Mag., 
IV.,  xxxii.,  81).  The  niethods,  however,  require  for  the  most  part  much 
detailed  explanation,  and  in  this  place  it  is  only  possible  to  make  this  gen- 
eral reference  to  the  subject. 

Alumina,  B.B. ;  the  presence  of  alumina  in  most  infusible  minerals, 
containing  a  considerable  amount,  may  be  detected  by  the  blue  color  which 
they  assume  when,  after  being  heated,  they  are  moistened  with  cobalt  solu- 
tion and  again  ignited.  Very  hard  minerals  {e.g.y  corimdum)  must  be  firet 
finely  pulverized. 

Antimony,  B.B. ;  antimonial  minerals  on  charcoal  give  dense  white 
inodorous  fumes.  Antimony  sulphide  gives  in  a  strong  heat  in  the  closed 
tube  a  sublimate,  black  when  hot,  brown-red  when  cold.     See  also  p.  185. 

In  nitric  acid  compounds  containing  antimony  deposit  white  antimonic 


oxide  (Sb205). 

ic?.  B.i). ;  arsenical  minerals  giv 
nized  by  their  peculiar  garlic  odor.     In  the  open  tube  they  give  a  white, 


Arsenic,  B.B. ;  arsenical  minerals  give  off  fumes,  usually  easily  recog- 


volatile,  crystalline  sublimate  of  areenious  oxide.  In  the  closed  tube  ai-senic 
sulphide  gives  a  sublimate  dark  brown-red  when  hot,  and  red  or  reddish- 
yellow  when  cold.  The  presence  of  arsenic  in  minerals  is  often  proved  by 
testing  them  in  the  closed  tube  with  sodium  carbonate  and  potassium  cyan- 
ide. Strong  heating  produces  a  sublimate  of  metallic  areenic,  proper  pre- 
cautions beingobserved. 

Baryta,  B  J3. ;  a  yellowish-green  coloration  of  the  flame  is  given  by  all 
baryta  salts,  except  the  silicates. 

In  solution  the  presence  of  barium  is  proved  by  the  heavy  white  precipi- 
tate formed  upon  the  addition  of  dilute  sulphuric  acid. 

Bismuth.  B.B. ;  on  charcoal  alone,  or  with  soda,  bismuth  gives  a  very 
characteristic  orange-yellow  sublimate  (p.  185").  Also  when  treated  with 
equal  parts  of  potassium  iodide  and  sulphur,  ana  fused  on  charcoal,  a  beauti- 
ful red  sublimate  of  bismuth  iodide  is  obtained. 

Boraaic  acid.  Borates.  B.B. ;  many  compounds  tinge  the  flame  intense 
yell(jwish-green,  especially  if  moistened  with  sulphuric  acid.    For  silicatca 
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the  best  methcKi  is  to  mix  the  powdered  mineral  with  one  part  powdered 
tlnorite  and  two  parts  potassium  bisulphate.  The  mixture  is  moistened 
and  placred  on  platinum  wjre.  At  the  moment  of  fusion  the  gi*een  color 
appears,  but  lasts  but  a  moment  (ex.  tourmalineV 

ileated  in  a  dish  with  sulphuric  acid,  ana  alcohol  being  added  and 
ignited,  the  flames  of  the  latter  will  be  distinctly  tinged  green. 

Cadmium,  B.B. ;  on  charcoal  cadmium  gives  a  cliaractcristic  sublimate 
of  the  reddish-brown  oxide  (p.  185V 

Varhonatea.  Effervesce  with  dilute  hydrochloric  acid ;  many  require  to 
be  pulverized,  and  some  need  the  addition  of  heat. 

Chlorides,  B.B. ;  if  a  small  j)ortion  of  a  chloride  is  added  to  the  bead  of 
lalt  of  phosphorus,  saturated  with  copper  oxide,  the  bead  is  instantly  sur- 
rounded with  an  intense  purplish  flame. 

In  solution  they  give  with  silver  nitrate  a  white  curdy  precipitate,  which 
darkens  in  color  on  exposure  to  the  light ;  it  is  insoluble  in  nitric  acid,  but 
entirely  so  in  ammonia. 

Chromium,,  B.B. ;  chromium  gives  with  borax  and  salt  of  phosphorus  an 
emeraid-gi-een  bead  (p.  lS6j. 

Cobalt,  B.B. ;  a  beautiiul  blue  bead  is  obtained  with  borax  in  both 
flames  from  minerals  containing  cobalt.  Where  sulphur  or  arsenic  is  present 
it  should  fii-st  be  roasted  off  on  charcoal. 

Capper,  B.B. ;  on  charcoal  the  metallic  copper  can  be  reduced  from 
most  of  its  compounds.  AVith  borax  it  gives  a  green  bead  in  the  oxidizing 
flame,  and  in  the  reducing  an  opaque  red  bead  (p.  180). 

Most  metallic  compounds  are  soluble  in  nitric  acid.  Ammonia  produces 
affreen  precipitate  in  the  solution,  which  is  dissolved  when  an  excess  is 
a(Med,  the  solution  taking  an  intense  blue  color. 

Flxtorlne.  B.B. ;  heated  in  the  closed  tube  fluorides  give  off  fumes  of 
hydrofluoric  acid,  which  react  acid  with  test-paper  and  etch  the  glass. 
Sometimes  ix>tassium  bisulphate  must  be  added  (see  also  p.  185). 

Heated  gently  in  a  platinum  crucible  with  sulphuric  acid,  most  com- 
pounds give  off  hydronuoric  acid,  which  corrodes  a  glass  plate  placed 
over  it. 

Iron,  B.B. ;  with  lx)rax  iron  gives  a  bead  (O.F.)  which  is  yellow  while 
hot,  but  is  colorless  on  cooling;  R.F.,  becomes  bottle-green  (see  p.  186). 
On  charcoal  with  soda  gives  a  magnetic  powder.  Minerals  which  contain 
even  a  small  amount  of  iron  yield  a  magnetic  mass  when  heated  in  the 
ledncing  flame. 

L'OaI,  B.B. ;  with  soda  on  charcoal  a  malleable  globule  of  metallic  lead 
is  obtained  fn)ra  lead  compounds  ;  the  coating  has  a  yellow  color  near  the 
M8ay  and  farther  off  a  white  color  (carlx)nate)  ;  on  being  touched  with  the 
reducing  flame  both  of  these  disappear,  tinging  the  flame  azure  blue. 

In  scJutions  dilute  sulphuric  acid  gives  a  white  precipitate  of  lead  sul- 
phate ;  when  delicacy  is  required  an  excess  of  the  acid  is  added,  the  solution 
evaporated  to  drynesis,  and  water  added,  the  lead  sulphate,  if  present,  will 
then  be  left  as  a  residue. 

Lim^.  B.B. ;  it  imj)artfi  a  yellowish-red  color  to  the  flame.  In  the  pres- 
ence of  other  alkaline  earths  the  spectroscope  gives  a  sure  means  of  detecting 
even  when  in  small  quantities.  Many  lime  salts  give  an  alkaline  reaction 
with  test-paper  after  ignition. 
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In  solutions  containing  lime  salts,  even  when  dilute,  ammoninm  oxalate 
throws  down  a  white  precipitate  of  calcium  oxalate. 

Lithia,  B.B. ;  lithia  gives  an  intense  red  to  the  outer  flame ;  in  very  small 
quantities  it  is  evident  in  the  spectroscoi)e. 

Magnesia,  BB. ;  moistened,  after  heating,  with  cobalt  nitrate  and  again 
ignited,  a  pink  color  is  obtained  from  infusible  minemls. 

Manganese,  B.B. ;  with  borax  manganese  gives  a  bead  violet-red  (O.F.J, 
and  colorless  (II.F.).  With  soda  (O.F.)  it  gives  a  bluish-green  bead ;  this 
reaction  is  very  delicate  and  mav  be. relied  iu>on,  even  iu  presence  of  almost 
any  Other  metal.  ^'J^\    *:>..  v   v^--   t-*^^    -  '^-r- 

Mercury,  B.B. ;  in  the  closed  tube  a  sublimate  of  metallic  mercury  is 
yielded  when  the  mineral  is  heated  with  soda.  Mercuric  sulphide  gives  a 
black  lustreless  sublimate  in  the  tube,  red  when  rubbed  (p.  lo5). 

Molybdenum,  B.B. ;  on  charcoal  molybdenum  gives  a  copper-red  stain 
O.F.)  which  becomes  azure-blue  when  for  a  moment  touched  with  the  RF. 
p.  186V 

Nickel,  B.B. ;  with  borax  nickel  oxide  gives  a  bead  which  (O.F.)  is  violet 
when  hot  and  red-brown  on  cooling;  (R.F.)  the  glass  becomes  gray  and 
turbid  from  the  separation  of  metallic  nickel,  and  on  long  blowing  colorless. 

Nitrates,  Detonate  when  heated  on  charcoal.  Heated  in  a  tube  with 
sulphuric  acid  give  off  red  fumes  of  nitric  peroxide. 

Phospliates,  B.B. ;  most  phosphates  impart  a  green  color  to  the  flame, 
especially  after  having  been  moistened  with  sulphuric  acid,  though  this  test 
may  be  rendeied  unsatisfactory  by  the  presence  of  other  coloring  agents. 
If  they  are  used  in  the  closed  tube  with  a  fragment  of  metallic  magneaiaro  or 
sodium,  and  afterward  moistened  with  water,  phosphuretted  hydrogen  is 
given  off,  recognizable  by  its  disagreeable  odor. 

A  few  drops  of  a  neutral  or  acid  solution,  containing  phosphoric  acid, 

J)roduce8  in  a  solution  of  ammonium  molybdate  with  nitric  acid  a  pulvera- 
ent  yellow  precipitate. 

Potash,  B.B. ;  potash  imparts  a  violet  color  to  the  flame  when  alone. 
It  is  best  detected  in  small  quantities,  or  when  soda  or  lithia  is  present,  by 
the  aid  of  the  spectroscope. 

Selenium,  JIB. ;  on  charcoal  selenium  fuses  easily,  giving  off  brown 
fumes  with  a  peculiar  disagreeable  organic  odor  (see  also  p.  185). 

Silica.  B.B. ;  a  small  fragment  or  a  silicate  in  the  salt  of  phoephorns 
bead  leaves  a  skeleton  of  silica,  the  bases  being  dissolved. 

If  a  silicate  in  a  fine  powder  is  fused  with  sodium  carbonate  and  the  mass 
then  dissolved  in  hydrochloric  acid  and  evaporated  to  dryness,  the  silica  is 
made  insoluble,  and  when  strong  hydrochloric  acid  is  added  and  then  water, 
the  bases  are  dissolved  and  the  silica  left  behind. 

Many  silicates,  especially  those  which  are  hydrous,  are  decomposed  by 
strong  hydrochloric  acid,  the  silica  separating  as  a  powder  or  as  a  jelly 
(see  p.  181). 

SUver.  B.B. ;  on  charcoal  in  O.F.  silver  gives  a  brown  coating  (j).  185). 
A  globule  of  metallic  silver  may  generally  be  obtained  by  heating  on  char- 
coal in  O.F.,  especially  if  soda  is  added.  Under  some  circumstances  it  ia 
d«36irable  to  have  recourse  to  cupellation. 

From  a  solution  containing  any  salt  of  silver,  the  insoluble  chloride  ia 
thrown  down  when  hydrochloric  acid  is  added.     This  precipitate  is  insoluble 
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acid  or  water,  but  entirely  so  in  ammonia.    It  changes  color  on  exposure 

the  light 

Sotia.  B.B. ;  gives  a  strong  yellow  flame. 

SidphuT^svi^id^  B.B. ;  in  the  closed  tube  some  sulphides  ,|^^ ; •fi- 

ve off  sulphur,  others  sulphurous  oxide  which  reddens  a  strip  of  moistened  -  ^ 
nnus  paper.     In  small  quantities,  or  in  sulphates,  it  is  best  detected  by 
ision  on  charcoal  with  soda.     The  fused  mass,  when  sodium  sulphide  has 
us  been  formed,  is  placed  on  a  clean  silver  coin  and  moistened ;  a  distinct 
ack  stain  on  the  silver  is  thus  obtained  (the  precaution  mentioned  on 

187  must  be  exercised). 

A  solution  in  hydrochloric  acid  gives  with  barium  chloride  a  white  in- 
fill ble  precipitate  of  barium  sulphate. 

TdLxvrium,  B.B. ;  tellurides  heated  in  the  open  tube  give  a  white  or 
"ayish  sublimate,  fusible  to  colorless  dn)ps  (p.  185).  On  charcoal  they 
ve  a  white  coating  and  color  the  II.F.  green. 

Tin,  B.B ;  minerals  containing  tin,  when  heated  on  charcoal  with  soda 
•  potassium  cyanide,  yield  metallic  tin  in  minute  globules  (see  also  p.  187). 

Titanium,  B.B. ;  titanium  gives  a  violet  color  to  the  salt  of  phosphorus 
3ad.  Fused  with  sodium  carbonate  and  dissolved  with  hydrochloric  acid, 
id  heated  with  a  piece  of  metallic  tin  or  zinc,  the  liquid  takes  a  violet 
Jor,  especially  after  partial  evaporation. 

Tungsten.  RB. ;  tungsten  oxide  gives  a  blue  color  to  the  salt  of  phos- 
lorus  bead  (II.F.).  Fused  and  treated  as  titanic  acid  (see  above)  with  the 
Idition  of  zinc  instead  of  tin,  gives  a  line  blue  color. 

Uranium,  ^,^, ;  salt  of  phosphorus  bead,  in  O.F.,  a  greenish-yellow 
3ad  when  cool.     In  R.F.  a  fine  green  on  ccK>ling  (p.  187). 

Vanadium,,  B.B. ;  the  characteristic  reactions  of  vanadium  with  the 
ixes  are  given  on  p.  186. 

Zinc,  BTB.  ;  on  cliarcoal  compounds  of  zinc  give  a  coating  which  is  yel*  \ 
•w  while  hot  and  white  on  cooling,  and  moistened  by  the  cobalt  solution  ) 
id  again  heated  becomes  a  fine  green  (p.  185). 

Zirconia,  A  dilute  hydrochloric  acid  solution,  containing  zirconia,  im- 
in&  an  orange-yellow  color  to  turmeric  paper,  moistened  by  the  solution. 

Students  who  desire  to  become  thorouglily  acquainted  with  the  use  of  the 
lowpipe  should  provide  themselves  witTi  a  thorough  and  systematic  book 
5votea  to  the  subject.  The  most  complete  American  book  is  that  by  Prof, 
rush  (Manual  of  Determinative  Mineralogy,  with  an  introduction  on  blow- 
ipe  analysis,  New  York,  1875).  Other  standard  works  are  those  of  Ber- 
ilius  (The  use  of  the  Blowpipe  in  Chemistry  and  Mineralogy,  translated  into 
Dglifih  by  Pi-of.  J.  D.  Whitney,  1845),  and  Plattner  (Manual  of  Qualita- 
ire  and  Quantitative  Analysis  with  the  Blowpipe,  translated  by  Prof.  H. 
.  Cornwall,  1872).  The  work  of  Prof.  Brush  tias  been  freely  used  in  the 
eparatiou  of  the  preceding  notes  upon  blowpipe  methods  and  reactions. 
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]>etermiDative  Mineralogy  may  be  properly  considered  under  the  general 
ud  of  Chemical  Mineralogy,  since  the  determination  of  minerals  depends 
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iB-ietfT  nprn  eheniival  IcsUl  But  cn'stallc^raphic  and  all  physical  cliaractci 
hk-^  lU. ■ :-.  be  med. 

TTmt^  l?  'y.ii  in;e  satisfiactory  way  in  wliich  the  identity  of  an  imknoir 
!n:::«ru!  rmy  :3  all  i.-a$es  be  tixed  beyond  qdeetion,  and  tliat  iB  liy  tlio  use  o 
a  ornr-e:ese:i»fdeteniiinative  tables.  By  means  of  anch  tallies  the  iiiineni 
ia  hji:>i  •*  r^-ftrreJ  snt-ceseirely  from  a  general  gronp  into  a  inore  s^><K;ia 
■r..',  ■::::-l  »;  last  all  i>lher  si>ccies  have  bueii  eliminated,  and  the  iduntit 
■ir   -Ltf  .TO  i-Tvn  ;s  beyond  doubt, 

A  t.-:i.-v:...  ptvliiiiinan'  exattiinatiun  of  the  nnkno\7n  mineral  slionld,  hov 
ttwr.  al^v-avs  he  iiuwie-  befi>re  final  recourse  is  had  to  the  tables.  Th 
e\a'.;  ■;*::■■['.  w;U  often  saflit.-e  to  show  what  the  mineral  in  hand  is,  andi: 
»:'.y  c*re  "^"  >:■-<.■.; Id  not  l>e  »'initted.  since  it  is  only  in  this  way  that  a  jtract: 
>.*3u  :a:  ;^Mairt;y  uiththe  ap[iearanc«andcharactei-sof  minerals  can  bc^ined 

Tire  s:r;i:e'v,:  will  nauirHily  take  note  first  of  those  cliaractei«  which  an 
a;  ■-•fvv  ^v'V',  ■,:*  T.>  the  seiiseis  that  is ;  the  colo/;  hutre,  feel,  gtnernl  »tnK- 
T^-^  •«5-"*.'^.  .%:<i'y.h^,  and  alst'i  erytitaUine  form,  if  distinct;  also,  if  the 
«;v^'::ue"  '«  ;:v'C  ^<•>  small,  the  ap|iarent  weight  will  suggest  something  as  to 
lUe  ^i\--iy-  y—.-itt,.  TlieaU've  charaeters are  of  very  uneqnal  importance. 
!ff.-.:.:  -.fv.  =^  i--v#:al#  are  not  present,  and  fraetnre  are  generally  niiessentiit 
ev.A'.'C  :f«  •.i's-vrt^tiishiti^  varieties;  color  and  Instre  are  essential  with 
-■vt;*'. , ■.,',  "-■■.;•  i:v-era'ly  »vrv  unimportant  with  unmetallic  minerals,  titreak 
■*  v'i  t!«jvrt»'\v  i-nly  with  colored  minerals  and  those  of  metallic  Instrt 
,11.  l>Sv.  v'ry^alliue  fv^tii  anvl  eleava^  are  of  the  litgliest  impoi'tanee,  bnl 
,t<  t*!".^*  rw;  ;:re  varvful  study. 

Hk-  Krs;  tvial  #ih*utd  U>  the  detennination  of  the  hardness  (for  which  end 
{"v  ^^v"^v■  x'ite  !» •■•tteu  SHtWoieiit  in  experienced  hands).  The  second  triii 
iio.;  .;  '.v  ;>■  »ie;er;ni:;aiion  of  the  vj>Mji<!  gravity.  Treatni«nt  of  tht 
5s'»i,-,.vv;  -  ,-»l  «■!■;  aiids  mav  come  nest;  by  this  nienns  (sec  p.  1801 
'/v  '."v^i^vA-  >•;  v*rN'n;o  »i.-id  is  iletet-tcd,  and  also  other  ivsnlts  obtaiiieil 
^  '.'''.■■  l":-\-i  iCusi.vl  to  low  bli'wpijie  trials,  to  ascertain  \\ie  J-'iwifnliiv. 
-v  ■.. .  »;av  ■.  ;\'  :l:v'  lU  ne,  if  any,  clie  cliaracter  of  the  sublimate  gUeu  u^ 
^  %l  .h%'  iv.*i-   -■;>  »'.ti>  •,U<\t*M--v,*  and  other- points  as  explained  in  the  pre- 

IU.«  !ii:;ih  ;'u-  v-i^KTxvr  Uttni^  in  the  above  way,  in  regard  to  tiie  natnra 

,■;  ':  \  Mtiitoiwt,  vUnvuds  iii>i>»  his  fciiowletlge  of  the  characlcrs  of  minerals  in 

<\  ■i>'i'*!.  AOvi  rti**!'  l«i*  lamdiarity  with  the  chemical  l)€havior  of  the  van- 

.■iw  v'\tin'>ut"v  Mii^^aiKW  vrt*-"*^*'"  ^^^^  ^''''  reagents,  and  before  tin 

il  itte  r\'«ult«of  Mieha  [>reliminarv  examination  are  sndicicntlT 

M'^^^'*!  that   the  mineral  in  hanJ  is  one  of  a  small  nnmberol 

<  .,v  Hi^v  Ite  ntiwle  to  their  full  description  in  Fart  III.  of  thii 

d»v  sioM. 

>     tiHt<ir  laMes  embrat-injr  under  appropriate  heads  ininerall 

1^..^  „  <.»'  itini.iti,):  phv*i>.-«I  eharacters,  are  added  in  rhe  A^i}>Gndi& 

Mt  *M  "Mil  >  i^*-*-^  aivt  the  olmerver  in  reaching  a  eonchiMon,     Ii 

ilv»«*i  i^l'A-sk  an  exiendtxt  table  ia  also  given  for  the  systcmatid 

„.!.- 1  sj  \W  "b-A"  imi'ortaiu  minerals,  tliose  described  in  full  in 

■WO"*;  iv*>;*'«.      n»e  admirablo  tables  of  von  Kobeli,  as  extended  and 

mI  ti^*   l^>■^    lJ«ii!.|»  vM»nu»l  of  Determinative  Mineralogy,  see  p 

w^i-*"*'  •**  '•**'*  *'*^  *"  '""W'"*'  species,  will  be  found  of  the  greatest 

i  tkMwU  Iv  »i  t)K<  IuukU  of  «very  etadent 
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PART    III. 


DESCRIPTIVE  MINERALOGY. 


-•m^ 


Thb  following  is  the  system  of  classification  employed  in  the  arrangement 
of  the  species  m  this  work.  It  is  identical  witn  that  adopted  in  I>ana*8 
System  of  Mineralogy,  1868,  to  which  treatise  reference  may  be  made  for 
the  discnssion  of  the  principles  npon  which  it  is  based.  In  general  only 
^6  more  prominent  species  are  enumerated  nndcr  the  successive  heads. 
The  native  elements  are  grouped  as  follows : 
SERIES  I. — ^The  more  basic,  or  electro-positive  elements. 

1.  Gold  group. — Gold,  silver  (also,  hydrogen,    potassium, 

sodium,  etc.). 

2.  Ibok  oboop. — Platinum,  palladium,  mercury,  copper,  m>n, 

zinc,  lead  (also  cobalt,  nickel,  chromium,  manganese, 
calcium,  magnesium,  etc.). 

3.  Tin  group. — Tin  (also  titanium,  zirconium,  etc.). 

SERIES  II. — Elements  generally  electro-n^ative. 

1.  Arsenio  group. — Arsenic,  antimony,  bismuth,  phosphorus, 

vanadium,  etc. 

2.  Sulphur  group. — Sulphur,  tellurium,  selenium. 
8.  Carbon-siuoon  group. — Carbon,  silicon. 

SERIES  III. — Elements  always  negative. 

1.  Chlorine,  bromine,  ioaine. 

2.  Fluorine. 
8.  Oxygen. 


CLASSIFICATION  OF  MINERAL  SPECIES. 


I.  NATIVE   ELEMENTS. 


Gold  ;  silver. — ^Platinum ;  palladium ;  iridoemine,  IrOs,  etc ;  ntcrcuiy ; 
►    mmalgam,  AgHff,  etc. ;   copper ;   iron. — ^Arsenic ;  antimony  ;  bismuth. — 
Tellurium;  sulohur. — ^Diamond;  graphite. 
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II.  SULPHIDES,    TELLURIDES,    SELENIDES,   ARSEN- 
IDES, ANTIMONIDES,  BISMUTHIDES. 


1.  BINARY  COMPOUNDS. — Sulphides  and  Tellurides  of  Metaix- 
OF  THE  Sulphur  and  Aksenio  Groups. 

fa)  Realgar  group.  Composition  RS.     Monoclinic    Real^r. 

(//)  Orpiment  group.  Composition  RgSj.    Orthorhombic  Orpiment    ; 

-     stibnite ;  bismnthinite. 
Ui)  Tetradymite  group,  Tetradymite  Bi8{Te,S)8. 
(a)  Molybdenite  group.  Composition  RS2.     Molybdenite. 


ii 


2.  BINARY  COMPOUNDS.— SuLPHTOEs,  TELLURroEs,  etc.,  of  METArza 
OF  THE  Gold,  Iron,  and  Tin  Groups. 

A.  BASIC  DIVISION.  — Dyscrasite  ;  domeykite. 

B.  PROTO  DIVISION.— Composition  RS  (or  R^S),  RSe,  RTe. 

(a)  Galenite  group.  Isometric ;    hoiohedral. — Argentite  ;  galenitiBH 

clausthalite ;  boruite  ;  alabandite. 
1>\  Blende  group^  Isometric ;  tetrahedral. — Sphalerite. 
(?)  CJwlcocite  group,  Orthorhombic. — ^Chalcocite ;   acantliite  ;   h^Hi 

site ;  stromeyerite. 
(<^  Pyrrhotite  group.  Hexagonal. — Cinnabar ;    millerite  ;    pyrrt^ 

tite  (FejSg) ;  greenockite ;  niccolite. 


ti 


C.  DEUTO  OR  PYRITB  DIVISION.— Composition  RS,,  etc 

(a)  Pyrite  group.  Isometric. — Pyrite  ;   linnseite ;   smaltite  ;  col>jJ- 

tite;  gersdorflite. — Chalcopyrite. 
{b)  Marcasite  group,    Orthorhombic.  —  Marcasite;     arsenopyritc; 

sylvanite. 
(c)  Nagyagite.     (d)  Covellite. 

3.  TERNARY    COMPOUNDS-— Sulpharsentfes,    SuLPHANTiMONrrBB, 

SULPHOBISMUTHITES. 

{a)  Group  I.    Atomic  ratio,   R  :  As(Sb) :  S  =  1  :  2  :  4.     Formula 

R(As,Sb)2S4  =  RS  +(As,Sb)2S3.    Miargyrite  ;  sartorite  ;  zink-    ' 

enite. 
(ft)  Sub    group.    At.  Ratio,  R  :  As(Sb)  :  8  =  3  :  4  :  9.      Formula 

R8(As,Sb,Bi)4So  =  3RS  4-  2(As,Sb,Bi)aS8.    Jordanite  ;  scliir- 

merite,  etc. 
{c)  Group  II.    At.   Ratio,  R  :  (As,  Sb) :  S  =  2  :  2  :  6.      Formula 

R2(Sb, AsVSj  =  2RS  +  (Sb,A8)8S8.     Jamesonite ;  duf renoysite. 
{d)  Group  III.  -At.  Ratio,  R  :  (As,Sb)  :  S  =  3  :  2  :  6.      Formnla 

R8(As,Sb)2S6  =  3RS  +  ( As,Sb)A.      Pyrargyrite,    proustite ; 

bonrnoiiite ;  bonlangerite. 
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{e)  Group  IV.  At  Ratio,  R :  (ABjSb^i)  :  S  =  4  :  2  :  7.  Formula 
R4(As,Sb,Bi),S7  =  4RS+(A8,Sb,Bi),S,.  Tetrahedrite;  ten- 
nantite. 

(/)  Gboup   V.    At.   Ratio,    R  :  (AB,Sb)  :  S  =  5  :  2  :  8.      Formula 
R5(A8,Sb)3S8  =  5RS + (A8,Sb)^    Stephanite;   geocronite. 
^olybasite. — Enargite. 


rn.  CHLORIDES,  BROMIDES,  IODIDES, 

;  ANHYDROUS   CHLORIDES.— CompoBition  mostly  R(C1,  Br,  J) ; 

>  Rj(Cl,Br,I)  (calomel),  and  RC1«  (molysite). 

lalite ;  sylvite ;  cerargyrite  ;  embolite ;  bromyrite. 

L  HYDROUS  CHLORIDES.— Carnallite.    Tachhydrite. 

L  OXYCHLORLDES.— Atacamite ;  matlockite. 


IV.  FLUORIDES. 

L  ANHYDROUS  FLUORIDES.    Fluorite ;  sellaite.— Cryolite. 
8.  HYDROUS  FLUORIDES.— Paclmolite ;  ralstonite. 


V.  OXYGEN  COMPOUNDS. 

L  OXIDES. 

I.  OXIDES  OF  Metals  of  thb  Gold,  Ikon,  and  Tin  Groups. 

A.  ANHYDROUS  OXIDES. — (a)  Protoxtoes. — Binary   compounds  a£ 

jrgen  with  a  univalent  or  bivalent  element    Formula  RO  or  (RjO). 

jprite;  zincite;  tenorite. 

^)  Sesqutoxides. — Binary  compounds  of  oxygen  with  a  sexivalent  ele* 

snt.    Formula  ROa.     Corundum;  hematite,     xhis  group  also  includes 

maccanite  and  perofskite. 

[c)  Compounds  of  PRoix)xroES  and  Sesquioxtoes. — Ternary  compounds 

oxygen  with  a  bivalent  and  a  sexivalent  element    Formula  RRO4  =  RO 

Spinel  Orov/p.  Isometric. — Spinel ;   gahnite  ;    magnetite  ;    franklinite ; 

x)mite.     Ortnorhombic — Chrysoberyl. 

d^  Deutoxides. — Binary  compounds  of  oxygen  with  a  quadrivalent  ele- 

iit     Formula  RO2. 

rBTRAGONAL. — RutUe  Oroup. — Cassiterite  ;  rutile ;  octahedrite ;   hans- 

unite;  braunnite.    Orthorhombic. — ^Brookite;  pyrolusite. 

B.  HYDROUS  OXIDES.— Turgitc—Diaspore ;   gCthite;   manganite.— 
Donite. — Brncite  ;  gibbsito. — Psilomelane. 
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3.  OXIDES  0¥  Hetau  of  thx  Absenio  and  Sdipbitb  Gbodtb. 
Isometric — Anenolite ;    Benarmontite.      Orthorbombic.  —  Claadetite        -> 
vftlentinite ;  bismite,  etc. 

8.  OXIDES  OP  TBB  CASBON-anjooir  Gboitp. — Quartz;  tridjnnite;  ta^^ 
manite ;  opaL 

IL  TERNART  OXYGEN  COMPOITNDS. 
1.  SILICATES. — A  AoHTOKons  Silicatw. 

(a)  BieiucATRS. — Salts  of  meta-dilicic  acid,  H^iOf  QnantiTaleDt  ratiw  Jji 
for  basic  elements  and  siliuon,  1  :  2.  General  formnia  SSiOc  TbiB  ma —  _; 
be  written  ;  K  |  0,  |  SiO,  to  indicate  that  part  only  of  the  oxygen  is  r^farde^^ 
aa  linking  oxjgeii,  or,  taking  into  account  the  qimnti valence  of  the  varioi^^g 
basic  elements  that  may  be  present,  E,,  all,  fiK  |  O,  |  SiO. 

(a)  AmpKibole  group.  Pyroxene  section  (/a  /=  SC'-SS").  Orthorhoi^^n 
bic.  —  Enstatite  ;  hypersthene.  Monoelinic.  —  Woilastonite ;  pyroxen^^ ; 
acmite ;  legirite.  Triclinic. — Illiodonite  ;  babingtonite.  —  Spodnmcn^^  ; 
petalite. 

{b)  Atrwhiboles«cii<Mi(lAl=123°-1^5'^.  Orthorbombic. — Anthophj^^J- 
lite,  knpfferite.     Monodinic,  amphibole ;  arfvedsonite. 

Beryl.     Eudialjte.     Pollneite. 

(/S)  Umieilioates. — Salts  of  the  normal  silicic  acid,  0^8104.  Qnantiral^^t 
ratio  for  basic  elements  and  silicon,  1  ;  1.  General  formnia  R,SiOt.  Tfcxie 
may  be  written  :  S,  |  O^  j  Si,  to  show  that  all  the  oxygen  is  regarded  i» 
linking  oxygen,  or,  Ita,aR,  jSR  |  0,  |  Si.  The  latter  formula  shows  th.  ^t. 
tltongh  etcniimts  of  different  qimnti  valence  may  be  present,  the  same  il  ^i- 
BJlicate  type  still  exists.  The  excess  of  silica  sometimes  present  in  bd^tli 
bisilicates  and  imisilicatea,  as  well  n«  otlier  deviations  from  the  ordin^^rv 
types,  are  retnarkod  upon  in  the  pages  which  follow. 

{a)  Chrysolite  grovp.  Orthorliombic,  /A /=  91''-95'' ;  0Al-t  =  12^fc°- 
189°. — Chrysolite,  forsterite,  tephroite,  monticellite,  etc. 

(J)  Willemite  group.  Hexagonal,  RaR  =  lie"-!!?". — ^Wllletnite, di^c^p- 
tasc,  phenacite. 

(c)  Isometric.     Helrite.     Danalite,  E^iO,+RS. 

\d)  Garnet  grorm.  Isometric — Q.  ratio  for  R :  I{ :  Si  =  1 : 1  :  2.     Q 
•ral  formnia  RgftSi.Oa. 

W    Veaumanite  growp.  Tetragonal. — ^Zircon,  vesavianite. 

(/}  Epldote  group.  Anisometric. — Epidote  ;    allanite ;  zoisite ;  gadoJt* 
nite  ;  Hvaite. 

(A  Triclinic.     Axinite.     Danburite. — (A)  lolite. 

ft)  Mica  group.  IaI  =  120°.    Cleavage  basal  perfect ;  optic  axis  <» 

snte  bisectrix  normal  to  the  cleavage-plane. — Phlogopite;  biotite;  lepido 

"btie  ;  iniiscovite ;  lepidolite. 
*   '^oapulite    ffroup.     Tetragonal. — Saroolite ;     meionite ;     wemerite; 
-'te. 
[exagonal.    Nephelite.    Isometric — Sodalite  ;  ha&Tiiite  ;  noute; 
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Feldspar  group.  Monoclinic  or  triclinic  lAluetLt  130** ;  Q.  ratio  for 
L  :  fi  =  1 :  8.  Anortiliite ;  labradorite ;  andesite ;  hjalophano ;  oligo- 
lase  ;  albite ;  orthoclaee  (microcline). 

{y)  SuBsiLiOATES. — {o)  Q.  ratio  for  bases  to  silicon,  4  :  3.  Chondrodite 
'ourinaline. 

(6)  Q.  ratio  for  bases  to  silicon,  3  :  3.  Genlenite. — Andalusite ;  fibrolite ; 
jaiiite  (AlSiOg). — Topaz ;  euclase ;  datolite. — Giiarinite ;  titanite ;  keil- 
Auite ;  tscheffkinite. 

(fi)  Q.  ratio  for  bases  to  silicon,  3  : 1.    Staurolite. 

B.  Hydrous  Silicates — General  Sectiok. 

BisiLioATEs. — Pectolite ;  laainoutite ;  okenite. — Chrysocolla ;  alipite,  etc 
Unibilioates. — Calamine;  prehiiite, — Thorite.    Pyrosmalite. — ^Apophyl- 
ite. 
SuBsiLiOATES. — Alloplutne. 

Zeolite  Section. 

Thomsonite  ;  natrolite  ;  scolecite  :  mesolite. — ^Levyinte. — Aiialcite. — 
Hhabazite ;  gmelinite ;  herschelite. — Phillipsite. — ^Harmotome. — Stilbite ; 
leulandite. 

Maroarophyllite  Section. 

BisiLicATES. — ^Talc.    Pyrophyllite. — Sepiolite  ;  glauconite. 

Unisilicates. — Serpentine  group.  Serpentine  ;  deweylite  ;  genthite. 

Kaolinite  group,  Kaolinite  ;  pholerite ;  halloysite. 

Pinite  group.  JPinite,  etc. ;  palagonite. 

Hydro-mica  group.  Fahliinite ;  margarodite ;  damourite  ;  paragonite  ; 
sookeite. — Hisingerite. 

Chlorite  group.  Vermiculites,  Q.  ratio  of  bases  to  silicon,  1  :  1.  Pyro- 
iclerite ;  jefferisite,  etc. — Penninite. — ^Ripidolite ;  prochlorite. — Chloritoid ; 
nargarite.    Seybertite. 


2.  TANTALATES,  COLUMBATES. 

Pyrochlore. — Tantalite;   columbite;  yttrotantalite ;    samarskite;  enxe- 
lite ;  seschynite,  etc. 


3.  PHOSPHATES,  ARSENATES,  VANADATES. 

Anhydrous. — Xenotime  Y8P20g ;  pucherite. — Descloizite. 
Hexagonal. — Formula  3R8(P,As,V)208+E(Cl,F)|.      Apatite;   pyromor- 
phite  ;    mimetite ;  vanadiuite. 
Wagnerite;  monazite. — Triphylite;  triplite. — Amblygcnite  (liebronite). 


198  DBBOBIFTIYE  ICNEBALOOT. 

IItdbous. — ^Pharmaoolite;  brushite. — ^Vivianite :  crythrita — ^Libethinito ; 
oUvenite. — ^Liroconite  ;  pseudomalachite. — Clinoclasite. — ^Lazulite ;  scoro- 
dite  ;   wavellite ;   pharmacoeiderite. — Childreuite. — ^Turqaois ;   cacoxenite. 

— Torberiiite;  autunite. 

Hydrous  antimonate. — Bindheimite. 


4.  BORATES. 

Sassolite  ;   sussexite  ;   ladwigite. — Boracite  ;   alexite  ;   prioeite. — ^War* 

wickite. 


5.  TUNGSTATES,    general   formula   RWO4;    MOLYBDATES,  RM0O4; 

OHROMATES,  E0rO4. 

Wolframite;  scheelite;  stolzite. — Wulfenito. — Crocoite;  phoenicocliroite. 


6.  SULPHATES. 

Anhydrous. — General  formula  RSO4.   Orthorhombic  /A  /  =  100*^-105 
— Barite ;  celestite ;  anhydrite ;  anglesite ';  zinkoeite  ;  leadhillite. 

Caledonite. — Dreelite ;  susannite  ;  connellite. — Glauberite  ;  lanarkite. 

Hydrous  sulphates. — Mirabilite. — Gypsum. — ^Polyhalite. — Epsomite. 

CoppercbB  group,    Chalcanthite,  CuS04+6aq,  also  the  other  vitri( 
RS04  +  7aq. 

Copiapite. — Aluminite. — Linarite ;  brochantite,  etc. 

Tellurates. — Montanite,  BijTeOe+2aq. 


7.  CARBONATES. 

Anhydrous. — Gaicite  group.  Rhombohedi'aL     General  formula, 
— Calcite  ;  dolomite ;  magnesite  ;  siderite  ;  rhodochroeite ;  smithsonite. 

Aragonite  group,  Orthorhombic. — Aragonite  ;  witherite  ;  stron tianite^c^ ; 
cerussite  ;  baryto-calcite. — Phosgenite. 

Hydrous   carbonates. — Gay lussite, — ^Hydromagnesite. — Hy drozinclt^^^  e  ; 
malachite  ;     azurite. — Bismutite,  etc. 

VI.  HYDROCARBON  COMPOUNDS. 


I.  NATIVE  ELEMENTS. 


I.  The  octahedron  and  dodecahedron  the  most  commcn  fomu. 
aetimes  acicular  through  elongation  of  octa-  4tB 

itber  forme ;  also  paseiiig  into  filiform,  reti- 
id  arborescent  shapes ;  and  occasionally 
from  an  ^gregation  of  filsmeute ;  edges  of 
iD  salient  {f.  415).  Cleavage  none.  Twina : 
ane  octahedral.  Also  inasBwe  and  in  thin 
>ften  in  flattened  grains  or  scales,  and  rolled 
ind  or  gravel. 

3.     a.=15-G-195  ;  19-30-19-34,  when  quite 
ioee.     Lustre    metallic.     Color   and  streak 
3es  of  gold-jellow,  sometimes  inclining  to  silver-whi^— rVgjfy 
malleable.  , 

'L,  tBtioIlM — Oold,  bat  oODt&iDing  mlTer  in  different  proportions,  uid  mhbs- 
esof  copper,  iron,  bismath  (matdoniU:\  palkdinm,  rhodiam.  Tu.  1.  OrdilUITf. 
10  to  IS  p.  c  of  Bilver.  Color  TftTTing.  aocordiuglj,  trom  deep  goid-jeiUiiw  to 
0.  =  19-I5-a.  3.  Argtalifrroiu ;  KUetmm.  Color  {ale  yelloir  to  yallowiA- 
>'5-12'S.     B&tio  for  the  gold  and  nlTer  of  1  :  1  correspoudstoSS'Sp.  a  of  aUver, 

!  proportioa  of  ^Id  in  the  n&tive  gold  of  California,  m  derived  from  tm^  <A 

id  millions  of  dollars'  worth,  ia  SSO  thoasandtlu ;  while  the  range  is  moiUy 

nd  890  (Prof.  J.  C.  Booth,  of  U.  S.  Mint).     The  rang«  in  the  metal  of  Aostndia 

reen  9O0  and  MO.  with  ui  average  of  U8S.     The  gold  of  the  Chandidre,  Ouuda, 

If  ID  to  IS  p  c.  of  silrcr  ;  while  that  of  Nova  9ooti>t  a  veiy  nearly  pure.     Tim 

afforded  Domevko  84  to  90  per  cent,  of  gold  and  lo  to  ii  per  cent,  of  rilver. 

,,  IV.  v!.) 

c  and  other  Ohemjcal  Characters,— B.B.  fnseB  easily.    Ifot  acted  on  by  &<"«■• 

ny  single  acid ;  Holuble  in  nitro-hydroohlorio  otad  (a4)iis-regia). 

ily  recognized  by  its  malleability  and  BpedLGo  gravitf.     Distinfroiahed  by  its 

nitric  acid  from  pyrite  and  chaloopyiite. 

no — Native  gold  is  found,  when  in  tUu,  with  comparatively  Bmall  eioeptiona, 

reimt  that  intersect  metamorphic  rooks,  and  to  soma  eitaot  in  tha  wall  rook  of 

The  metamorpbic  rocks  thus  intorseoted  are  mostly  ohloritio,  talooae.  and 
cbist  of  dull  green,  dark  gray,  and  other  colora ;  also,  mnch  leaa  commonly, 
nblendio  scbiiic.  gneiss,  dioryte,  porphyry;  and  still  more  rarely,  granite.  A 
irtiyie.  called  itacolnmyte,  is  common  in  many  gold  regiona,  as  those  of  Braxil 
rolina.  and  sometimes  npecalor  schista,  or  slaty  rocks  oontaining  much  foliated 
[hematite),  or  magnetite  in  grains- 
con  in  the  qnart:  in  Htrings,  scales,  plates,  and  in  masses  which  are  sometimes 
ion  of  crystals '  and  the  Btuilea  are  often  invisible  t»  the  naked  eye,  maasiva 
iparently  contama  no  gold  fraqnently  yielding  a  considerable  percentage  to  the 
s  always  very  iiregulaiiy  dii^tribuMi,  and  never  in  continnous  pnra  bands  of 
my  metallic  orea.  It  occurs  both  diBBeminat«d  throngh  the  maw  of  ttke  quarts, 
ties.     The  associated  minerals  are  :   pyrite,  which  far  exceeds  in  qoantity  all 

generaUy  auri/ffmut ;  next,  chslcopyrite.  galenite,  sphalerite,  arsenopyiit«, 
ly  aoriferooB  ;  often  tetradymite  and  other  tellurium  ores,  native  bismuth,  stib. 
a.  hematite ;   sometimes  barite,  apatite,  flaorite,  aiderlte,  chryaocoUa. 
the  world  has  been  mostly  gathered,  not  directly  from  the  quartz  veins,  bnl 
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from  the  gravel  or  nnds  of  rirers  or  YtJlejB  in  anriferooa  regiona,  or  the  slopes  of  moanUdiN 
or  hflls,  whose  rocks  oontain  in  some  part,  and  generally  not  fitr  distent,  anriferoos  Teuu, 
each  mines  are  often  eallei  aUumal  waMngg  ;  in  California  plaeer-diggingB.  Meet  of  the  gold 
of  the  Urals,  Brazil,  Australia,  and  all  other  gold  regions,  has  oome  from  such  alluvial  ivash- 
ingn.  The  alluvisl  gold  is  usually  in  flattened  scales  of  different  degrees  of  fineness,  the  siie 
depending  partly  on  the  original  condition  in  the  quartz  Teins,  and  partly  on  the  distance  to 
which  it  has  been  transported.  Transportation  by  running  water  is  an  assortmg  process ;  the 
coarser  particles  or  largest  pieces  requiring  rapid  currents  to  transport  them,  and  droppinif 
first,  and  the  finer  being  carried  far  away — sometimes  scores  of  miles.  A  cayity  in  the  rw^ 
slopes  or  bottom  of  a  valley,  or  a  place  where  the  waters  may  have  eddied,  generally  proT«i 
in  such  a  region  to  be  a  pocket  full  of  gold. 

In  the  auriferous  samls,  crystals  of  zircon  are  yery  common ;  also  garnet  and  <7anite  in 
grains ;  often  also  monazite,  diamonds,  topaz,  magnetite,  corundum,  iridoemine,  p'fttiii^"* 
The  zircons  are  sometimes  mistaken  for  diamonds. 

Qold  exists  more  or  less  abundantly  over  all  the  continents  in  most  of  the  regions  of  crystal- 
line rocks,  especially  those  of  the  semi-crystalline  schists:  and  also  in  some  of  the  laigt 
islands  of  the  world  where  such  rocks  existu  In  Europe,  it  is  most  abundant  in  Hungary  and 
in  Transylvania ;  it  occurs  also  in  the  sands  of  the  Rhine,  the  Reuss,  the  Aar,  the  Rhone,  and 
the  Danube ;  on  the  southern  slope  of  the  Penuine  Alps,  from  the  Simplcm  and  Monte  Ro« 
to  the  valley  of  Aosta ;  in  Piedmont ;  in  Spain,  formeriy  worked  in  Astorias ;  in  many  of  the 
streams  of  Cornwall ;  near  Dolgelly  and  other  parts  of  North  Wales ;  in  Scotland ;  in  tbt 
county  of  Wicklow,  Ireland  ;  in  Sweden,  at  Edelfors. 

In  Asia,  gold  occurs  along  the  eastern  flanks  of  the  Urals  for  500  miles,  and  is  espedaUy 
.  abundant  at  the  Beresov  mines  near  Elatharinenburg  (lat.  ^^  40^  N. ) ;  also  obtained  at  Petn>- 
pavlovski  (60**  N.) ;  Nischne  Tagihtk  (SO""  N.) ;  Miask,  near  Slatoust  and  Mt.  limen  (55*  N., 
where  the  larg^t  Russian  nugget  was  found),  etc.  Asiatic  mines  occur  also  in  the  CailM 
Mountains,  in  Little  Thibet,  Ceylon,  and  Malacca,  China,  Corea,  Japan,  Formosa,  Snmatn, 
J;»f^  Borneo,  the  Philippines,  and  other  East  India  Islanda 

In  Africa,  gol^  CfT^rs  at  Kordofan,  between  Darfour  and  Abyssinia ;  also,  south  of  the 
Sahara  in  Western  Africa,  from  the  oC!!^al  to  Cape  Palmas  ;  in  the  interior,  on  the  Somst, 
a  day^s  journey  from  Caseen  ;  along  the  coast  opposite  VLz^Zi^lHSSVi^  between  82^  and  36^  &, 
supposed  by  some  to  have  b^n  the  Ophir  of  the  time  of  Solomon. 

in  South  America,  gold  is  found  in  Brazil ;  in  New  Granada ;  Chili ;  in  Boliyia ;  apari]^ 
in  Peru.  Also  in  Central  America,  in  Honduras,  San  Salvador,  Guatemala,  Costa  Bica,  and 
near  Panama  ;  mo»t  abundant  in  Honduras. 

In  North  America,  there  are  numberless  mines  along  the  mountains  of  Western  America, 
and  others  along  the  eastern  range  of  the  Appalachians  from  Alabama  and  Georgia  to  IaIxs* 
dor,  besides  some  indications  of  gold  in  portions  of  the  intermediate  Archean  region  about 
Lake  Superior.  They  occur  at  many  points  along  the  higher  regions  of  the  Rocky  Mountsin^ 
in  Mexico,  and  in  New  Mexico,  in  Arizona,  in  the  San  Francisco,  Wauba,  Yuma,  and  other 
districts ;  in  Colorado,  abundant,  but  the  gold  largely  in  auriferous  pyrite ;  in  Utah,  and 
Idaho,  and  Montana.  Also  along  ranges  between  the  summit  and  the  Sierra  Nevada,  in  tbe 
Humboldt  region  and  elsewhere.  Also  in  the  Sierra  Nevada,  mostly  on  its  western  slope 
(the  mines  of  the  eastern  being  principally  silver  mines).  The  auriferous  belt  may  be  said  to 
begin  in  the  Califomian  peninsula.  Near  the  Tejon  pass  it  enters  California,  and  beyond  for 
180  miles  it  is  sparingly  auriferous,  the  slate  rocks  being  of  small  breadth ;  but  beyond  this, 
northward,  the  slates  increase  in  extent,  and  the  mines  in  number  and  productiveness,  and 
they  continue  thus  for  200  miles  or  more.  Gold  occurs  also  in  the  Coast  rang^  in  many 
localities,  but  mostly  in  too  small  quantities  to  be  profitably  worked.  The  regions  to  tb« 
north  in  Oregon  and  Washington  Territory,  and  the  British  Possessions  farther  north,  as  alto 
our  possessions  in  Alaska,  are  at  many  points  auriferous,  and  productively  so,  though  \^  s 
less  extent  than  California. 

In  eoAtern  North  America,  the  mines  of  the  Southern  United  States  produced  before  the 
California  discoveries,  in  1849,  about  a  million  of  dollars  a  year.  They  are  mostly  confined 
to  the  StaU's  of  Virginia,  North  and  South  Carolina,  and  Georgia,  or  along  a  line  from  the 
Rappahannock  to  the  Coosa  in  Alabama.  But  the  region  may  be  said  to  extend  north  to 
Canada ;  for  gold  has  been  found  at  Albion  and  Madrid  in  Maine ;  Canaan  and  Lisbon,  N.  E ; 
Bridgewater,  Vermont ;  Dedbam,  Mass  Traces  occur  also  in  Franoonia  township,  Mont- 
gomeiw  Co. .  Pennsylvania.  In  Canada,  gold  occurs  to  the  south  of  the  St.  Lawrence,  is  the 
soil  on  the  Chaad'^re,  and  over  a  considerable  region  beyond.  In  Nova  Scotia,  mines  are 
worked  near  Halifax  and  elsewhere. 

In  AuHtralia,  which  is  fully  equal  to  California  in  productiveness,  and  much  superior  in  the 
purity  of  the  metal,  the  principal  gold  mines  occur  along  the  streams  in  the  mountaioa  of 
H.  S.  Wales  (S.  E.  Australia),  and  along  the  continuation  of  the  same  range  in  Victorii 
(B.  Australia). 
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Isometric.  Cleavage  none.  Twins :  twiuniug-plane  octahedral.  Com- 
Qonlj  coarse  or  fine  filiform,  reticulated,  arborescent ;  in  the  latter,  the 
tranches  uass  off  either  (1^  at  right  angles,  and  are  crystals  (asually  octa- 
hedrons) elongated  in  the  airection  of  a  cubic  axis,  or  else  a  succession  of 
tartly  overlapping  crystals ;  or  (2)  at  angles  of  60°,  they  being  elongated  in 
he  direction  of  a  dodecahedral  axis.  Crystals  generally  obliquely  pro- 
oiiged  or  shortened,  and  thus  greatly  distorted.  Also  massive,  and  in 
)late8  or  superficial  coatings. 

IL=2*5-3.  Q.=10'l-ll'l,  when  pure  10-5.  Lustre  metallic.  Color 
md  streak  silver-white ;  subject  to  tarnish,  by  which  the  color  becomes 
frayish-black.    Ductile. 

Oomp.,  Var, — Silver,  with  some  copper,  gold,  and  sometimea  platinam,  antimonj,  biaxnuth, 
naioaiy. 

Ordinary,  (a)  crystaUised;  (6)  filiform,  arborescent;  ic)  maaslYe.  Auriferatu.  Oontaina 
.0  to  80  p.  c.  of  gold  ;  color  white  to  pale  brasH-yeUow.  There  ia  a  gpradual  passage  to  argen- 
ifezons  gold.     Cupr%ferou8.    Contains  sometimes  10  p.  c.  of  copper. 

Pyr.,  etc. — B.fi.  on  charcoal  fuses  easily  to  a  silver* white  globule,  which  in  O.F.  gives  a 
aint  dark*  red  coating  of  the  oxide ;  crystallizes  on  cooling.  Soluble  in  nitric  acid,  and 
Lepoeited  again  by  a  plate  of  copper. 

Obs. — Native  sUver  occurs  in  masses,  or  in  arborescent  and  filiform  shapes,  in  veins  traveTS- 
ng  gneiss,  schist,  porphyry,  and  other  rooks.  Also  occurs  disseminated,  but  usiudly  invisibly, 
n  native  copper,  galenite,  chalcocite,  etc. 

The  mines  of  Kongsberg,  iu  Norway,  have  afforded  magni^ceni  speoimenft  of  native  silver, 
rhe  principal  Saxon  localities  are  at  Freiberg,  SoimeeUerg,  and  Johanngeoigenstadt ;  the 
uOnemian,  at  Pnibram,  uid  JoachimsthaL  It  also  occurs  in  smaU  quantities  wttu  Other  ores^ 
It  Andreasberg,  in  the  Harz  |  in  Suabia ;  Hui^ary ;  at  AUemont  in  Dauphiny ;  in  the 
Ural  near  Beresof  ;  in  the  Altai,  at  Zm^off  ;  and  in  some  of  the  Cornish  mines. 

Mexico  and  Peru  have  been  the  most  productive  countries  in  silver.  In  Mexico  it  has 
been  obtained  mosUy  from  its  ores,  while  in  Peru  it  occurs  principally  native.  In  Durango, 
Binaloa,  and  Sonora,  in  Northern  Mexico,  are  noted  mines  a^ording  native  silver. 

In  the  United  States  it  ia  disseminatod  through  much  of  the  copper  of  Michigan,  occasion- 
dly  in  spots  of  aome  size,  and  aometimea  in  cubea,  akeleton  octahedrons,  etc ,  at  varioua 
nines.  In  Idaho,  at  the  ^'  Poor  Man's  lode,"  large  masses  of  native  silver  have  been  ch- 
ained. In  Nevada,  in  the  Comstock  lode,  it  ia  rare,  and  mostly  in  filaments :  at  the  Ophir 
line  rare,  and  disseminated  or  filamentous ;  in  California,  sparingly,  in  Silver  Mountain  dis- 
riet,  Alpine  Co. ;  in  the  Maria  vein,  in  Los  Angeles  Co. ;  in  the  townahip  of  Ascot,  Canada. 


PI«ATINnM. 


Isometric.  Rarely  in  cubes  or  octahedrons.  Usually  in  grains ;  occa- 
ionally  in  irregular  lumps,  rarely  of  large  size.     Cleavage  none. 

H.=4-4-5.  G.=16-19;  17-108,  small  grains,  17-608,  a  mass,  Breith. 
^nstre  metallic.  Color  and  streak  whitish  steel-gray  ;  shining.  Opaque. 
Ductile.     Fracture  hackly.     Occasionally  magiieti-polar. 

Ooaip.^Platinum  combined  with  iron,  iridium,  osmium,  and  other  metala.  The  amount 
»f  iron  variea  from  4-20  p.  a 

Pyr.,  etc. — Infuaible.  Not  affected  by  borax  or  aalt  of  phosphorus,  except  in  the  state  of 
Lue  dnst,  when  reactions  for  iron  and  copper  may  be  obtained.  Soluble  only  in  heated  nitro* 
Lydroohloric  add. 
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JHS. — DistmgoiBhed  bj  its  malleabilitj,  high  speoifio  gravitj,  infosibiliij,  and  entize  ioaol- 
ability  in  the  ordinary  acids. 

Obs  — Platinum  was  first  found  in  pebbles  and  small  grains  in  the  alluvial  depoaiti  of  tin 
river  Pinto,  in  the  district  of  Ohoco,  near  Popayan,  in  South  America,  where  it  zeceived  ill 
name  platina^  from  pkUa^  nlver.  In  the  province  of  Antioqnia,  in  Braal,  it  has  been  found 
in  auriferous  regions  in  syenite  (fioussingault). 

In  Russia,  it  ooours  at  Nischne  Tagilsk,  and  Gk>roblag^at,  in  the  Ural,  in  alluvial  material. 
Formerly  used  as  coins  by  the  Russians.  Russia  affords  annually  about  800  owt.  of  platinum, 
which  is  nearly  ten  times  the  amount  from  Brazil,  Columbia.  St.  Domingo,  and  Bomea 
Platinum  is  also  found  on  Borneo  ;  in  the  sands  of  the  Rhine ;  at  St.  Araj,  val  du  Drac ; 
county  of  Wicklow,  Ireland ;  on  the  river  Jocky,  St.  Domingo  ;  in  California,  bat  not  abun- 
dant :  in  traces  wiUi  gold  in  Rutherford  Co.,  North  Carolina ;  at  St.  Franooia  Boaooe,  etc., 
Canada  East. 

PLATiNiRiDiuic—Platinum  and  iridium  indifferent  proportions.    Urals;  BraiiL 

PAUiiADIUM. 

Isometric.  In  minute  octahedrons,  Haid*  Mostly  in  grains,  sometimes 
composed  of  diverging  fibres. 

H.=4:-5-5.  G.=ll-3-ll-8,  Wollaston.  Lustre  metallic.  Color  whitish 
steel-gray.    Opaque.     Ductile  and  malleable. 

Oomp. — Palladium,  alloyed  with  a  little  platinum  and  iridium,  but  not  yet  analyied. 

Obs. — PaUadium  oocuxs  with  platinum,  in  Brazil,  where  quite  large  maoses  of  tho  metel 
are  sometimes  met  with  ;  also  reported  from  St.  Domingo,  and  the  Ural. 

Palladium  has  been  employed  for  balances ;  also  for  the  divided  scales  of  delicate  tuppaaJ^ 
for  which  it  is  adapted,  because  of  its  not  bladLcmng  from  sulphur  gasea|  while  at  tha  aam 
time  it  is  nearly  as  white  m  oUver. 

IRIXX>8MZNB.    Osmiridinm. 

Uexagonal.  Earely  in  hexagonal  prisms  with  replaced  basal  edges. 
Commonly  in  irregular  flattened  grains. 

H.=6-7.  G.=19-3-21-12.  Lustre  metallic.  Color  tin-white,  and  light 
steel  gray.     Opaque.     Malleable  with  difliculty. 

Comp.,  Var. — Iridium  and  osmium  in  different  proportions.  Two  varieties  depending  oft 
these  proportions  have  been  named  as  species,  but  they  are  isomorphous,  as  are  the  metoli 
(G.  Rose).     Some  rhodium,  platinum,  rutheninm,  and  other  metals  are  usually  present 

Var.  1.  NetfjanskiU^BsLid.;  H.=7;  G.=18S-19-5.  Inflatscales;  color  tin-white.  OTer 
40  p.  a  of  Iridium.     Probably  IrOs. 

2.  JSitufcrgkite^  Haid.  In  flat  scales,  often  six-sided,  color  grayish- white,  steel-gray.  0."= 
20-2 12.  Not  over  30  p.  c  of  iridium.  One  kind  from  Nischne  Tagilsk  afforded  Berzcluis 
IrOs*=Iridium  19*9,  osmium  80  1=100  ;  G.=21118.  Another  corresponded  to  the  formula 
IrOs,. 

Pyr.,  etc. — At  a  high  temperature  the  sisserskite  gives  out  osmium,  but  undergoes  bo 
further  change.  The  newjunskite  is  not  decomposed  and  does  not  give  an  osmium  odor  until 
fused  with  nitre. 

J}i£L — Dit^tinguished  from  platinum  by  its  superior  hardness. 

Obs. — Occurs  with  platinum  in  the  province  of  Choco  in  South  America ;  in  the  Ural  moon* 
tains ;  in  Australia.  It  is  rather  abundant  in  the  auriferous  beach  sands  of  northern  OiU- 
f  omia.  occurring  in  small  bright  lead-colored  scales,  sometimes  six-sided.  Alao  traoea  in  tkl 
gold-washings  on  the  rivers  du  Loup  and  des  Plantes,  Canada. 

HSROURT.    QuickaQver.     Oediegen  Queoksilber,  Oerm, 

itnc    Occars  in  small  fluid  globules  scattered  through  its  gangua 
18.568.    Lustre  metallic    Color  tin-white.    Opaque. 
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. — ^Pare  mercury  (Hg) ;  with  sometimes  a  little  silver. 
»tc — B.B.,  entirely  volatile.     Dissolves  readily  in  nitric  acid. 
Mercury  in  the  metallic  state  is  a  rare  mineral ;  the  quicksilver  of  commerce  is  ob 
ostly  from  cinnabar,  one  of  its  ores.     The  rocks  affording  the  metal  and  its  ores  ar« 
lay  shales  or  schists  of  different  geological  ages. 

>8t  important  mines  are  those  of  Idria  in  Gamiola,  and  Almaden  in  Spain.     It  ia 
small  quantities  in  Oarinthia,  Hungary,  Peru,  and  other  countries ;  in  CSalif omiAi 
f  in  the  Pioneer  mine,  in  the  Napa  Valley. 


ABCALQABS. 

etric.  The  dodecahedron  a  common  form,  also  the  cube  and  octa- 
in  combination  (see  f.  40,  41,  etc.,  p.  15).  Cleavage :  dodecahedral 
«.    Also  massive. 

3-3'5.  G.=13.75-14.  Color  and  streak  silver-white.  Opaaue. 
:e  conchoidal,  aneven.  Brittle,  and  giving  a  grating  noise  wnen 
b  a  knife. 

—Both  Ag  Hg  (=Silver  85*1,  mercury,  64*9),  and  Ag.Hgs  (=Silver  26 '5,  and  mer- 

5),  are  here  included. 

ito, — B.B.,  on  charcoal  the  mercury  volatilizes  and  a  globule  of  silver  is  left.    In  tho 

be  the  mercuzy  sublimes  and  condenses  on  the  cold  part  of  the  tube  in  minute  glo- 

)is8olves  in  nitric  acid. 

From  the  Palatinate  at  Moschellandsberg.     Also  reported  from  Bosenau  in  Hungary, 

veden,  Allemont  in  Dauphin^,  Almaden  in  Spain. 

HUTS. — Composition  Ag]«Hg=silver   86*6,   mercury,    18*4=100.    Chili,    K92ie9- 

,  AgisHg  (?)  Kongsberg,  Norway. 


etric.  Cleavage  none.  Twins:  twinniii^-plane  octahedral,  very 
1.  Often  filiferm  and  arborescent ;  the  latter  with  the  branches 
off  osnally  at  60^,  the  supplement  of  the  dodecahedral  angle.    Also 

2-6-3.  G. =8*838,  Whitney.  Lustre  metallic.  Color  copper-red. 
metallic  shining.     Ductile  and  malleable.     Fracture  hackly. 

— Pure  copper,  but  often  containing  some  sUver,  bismuth,  eta 

ilo. — B.B.,  fuses  readily  ;  on  cooling,  becomes  covered  with  a  coating  of  black  oxide. 

readily  in  nitric  acid,  giving  off  red  nitrons  fumes,  and  producing  a  deep  azure*  blue 

ipon  the  addition  of  ammonia. 

Copper  occurs  in  beds  and  veins  accompanying  its  various  ores,  and  is  most  abundant 

inity  of  dikes  of  igneous  rocks.     It  is  sometimes  found  in  loose  masses  imbedded  in 

at  Turinsk,  in  the  Urals,  in  fine  crystals.  Common  in  ComwaU.  In  Brazil,  Chili, 
jid  Peru.     At  Walleroo,  Australia. 

etal  has  been  found  native  throughout  the  red  sandstone  (Triassico-Jurassic)  region 
item  United  States,  in  Massachusetts,  Connecticut,  and  more  abundantly  in  New 
here  it  has  been  met  with  sometimes  in  fine  crystalline  masses.  No  known  locality 
1  the  abundance  of  native  copper  the  Lake  Superior  copper  region,  near  Keweenaw 
lere  it  exists  in  veins  that  intersect  the  trap  and  sandstone,  and  where  masses  of 
size  have  been  obtained.  It  is  associated  with  prehnite,  d  itohte,  analcite,  laumon- 
olite,  epidote,  chlorite,  wollastonite,  and  sometimes  coats  amygdules  of  calcite, 
nygdaloid.  Native  copper  occurs  sparingly  in  California.  Also  on  the  Gila  rivei 
a;  in  large  drift  maases  in  Alaska. 
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IRON. 

iBometric    Cleavage  octahedral. 

H.=4'5.  G.=7*8-7'8.  Lustre  metaUic.  Color  iron-cray.  Streak  ahin- 
ing.    Fractnre  hackly.     Malleable.    Acts  strongly  on  the  magnet. 

Obi. — The  oocorrence  of  masses  of  native  iron  of  terrestrial  origin  ham  been  BeTeial  timM 
reported,  bat  it  is  not  yet  placed  beyond  doubt.  yThe  presence  of  metallic  iron  in  grains  is 
basaltic  rocks  has  been  proved  bj  several  observer^.  It  has  also  been  noticed  in  other  related 
rocks.  The  so-called  meteoric  iron  of  Ovifak,  Greenland,  found  imbedded  in  basalt,  ia  cqii- 
sidered  bj  some  authors  to  be  terrestriaL 

Meteoric  iron  usually  contains  1  to  20  per  cent,  of  nickel^  besides  a  small  percentage  tA 
other  metala,  as  cobalt,  manganese,  tin,  copper,  chromium ;  also  phosphorus  common  ait 
phoephuret  (schreibersite),  sulphur  in  sulphurets,  carbon  in  some  instances,-  chlorine.  Among 
large  iron  meteorites,  the  Gibbs  meteorite,  in  the  Tale  College  cabinet,  weig^  1,635  lbs. ;  it 
was  brought  from  Bed  River.  The  Tucson  meteorite,  now  in  the  Smithsonian  Institutiai, 
weighs  1,400  lbs. ;  it  was  original] j  from  Sonora.  It  is  ring-shaped,  and  is  49  inches  in  ite 
greatest  diameter.  Still  more  remarkable  masses  exist  in  northern  Mexico ;  also  in  Soath 
America ;  one  was  discovered  by  Don  Rubin  de  Celis  in  tho  district  of  Chaco-Gualambi, 
whose  weight  was  estimated  at  82,000  lbs.  The  Siberian  meteorite,  discovered  by  Pallai, 
weighed  originally  1,600  lbs.  and  contained  imbedded  crystals  of  chrysolite.  Smaller  mtmn 
are  quite  common. 

Zinc. --Native  zinc  has  been  reported  to  occur  in  Australia;  and  more  recently  Mr.  W. 
D.  liarks  reports  its  discovery  in  Tennessee,  under  droumstances  not  altogether  free  from 
doubt. 

Lead. — Native  lead  occurs  very  sparingly.  It  has  been  found  in  the  Urals,  in  Spain, 
Ireland,  etc.  Dr.  Genth  speaks  of  its  discovery  in  the  bed  rook  of  the  gold  plaoen  at  Ganif 
Creek,  Montana. 

Tin  19  probably  only  an  artificial  product. 


ARSSNIO. 

Khombohedral.  jB  A  i?  =  85°  41',  O  A  H  =  122^  9',  6  =  1-3779,  Miller. 
Cleavage:  basal,  imperfect.  Often  granular  massive;  sometimes  reticu- 
lated, reiiiform,  and  stalactitic.     Structure  rarely  columnar. 

H. =3-5.  G. =5-93.  Lustre  nearly  metallic.  Color  and  streak  tin-white, 
tiirnishing  soon  to  dark-gray.     Fracture  uneven  and  line  granular. 

Oomp. — Arsenic,  often  with  some  antimony,  and  traces  of  iron,  silver,  fi^ld,  or  bismuUi. 

Py  r. — B.  B. ,  on  charcoal  volatilizes  without  fusing,  coats  the  coal  with  white  arsenous oxide, 
and  affords  the  odor  of  garUo ;  the  coating  treated  in  R.F.  volatiUzes,  tinging  the  flame  bine. 

Obs. — Native  arsenic  commonly  occurs  in  veins  in  crystalline  rocks  and  the  older  schii^ 
and  is  often  accompanied  by  ores  of  antimony,  red  silver  ore,  realgar,  sphalerite,  and  otbex 
metaUic  minerals. 

The  silver  mines  of  Saxony  afford  this  metal  in  considerable  quantities ;  also  Bohemia,  tM 
Harz,  Transylvania,  Hongaiy,  Norway,  Siberia;  occurs  at  ChanarciUo,  and  elsewhere  in 
Chili;  and  at  the  mines  of  San  Augustin,  Mexico.  In  the  United  States  it  has  beta 
observed  at  HavediiU  and  Jackson,  N.  H.,  at  Greenwood,  Me. 


ANTIMOMT. 

Khombohedral.  i?  A  i?  =  87^  35',  Eose ;  <9  A  5  =  123^  32' ;  (5  =  l-80«8. 
I^A  2  =  89°  25'.  Cleavage :  basal,  highly  perfect ;— 4  distinct  Qenemlly 
"' "  *  ve,  lamellar ;  Bometimes  botryoidal  or  rouifonn  with  a  granular  texturei 


KATHTB  XLEMEZrrS.  SKK( 

=8-3-5.    Q.=6-646-6-72.    Lustre  metallic.    Color  and  streak  tin- 
Very  brittle. 

p« — ^Antiinonj,  oontaining  aometimes  silTer,  iron^  or  azsenia 

— B.B.,  on  oharooal  foses,  ^ves  a  white  ooating  in  both  O.  and  B.F. ;  if  the  Uowing 
mitted,  the  globule  oontinueB  to  glow,  giying  off  white  fames,  until  it  ia  finally  orusted 
th  prifimatiG  orystalB  of  antimonoua  oxide.    The  white  coating  tinges  the  &.F.  bluish- 
Cxystallizes  readily  from  fusion. 

n  near  Sahl  in  Sweden  *  at  Andieasbexg  in  the  Han ;  at  Prsibram ;  at  Allemont  in 
ay;  in  Mexico;  Chili;  Borneo;  at  South  Ham,  Canada;  at  Warren,  K.  J.,  rare;  at 
(¥iUlam  antim<my  mine,  K.  Brunswick,  rare. 

acoNTTTB. — Arsenical  antimony,  SbAss.  Color  tin-white  or  zeddish-gray.  Ooooxb  at 
it ;  in  Bohemia ;  the  Hars. 


BXSMUTB.    Gediegen  Wismuth,  Oerm, 

cagonal.  if  A  5  =  87°  40',  O.  Eose  ;  OajS=  123*'  36' :  i  =  1-8086. 
ige :  basal,  perfect ;  2,  »2,  less  so.  Also  in  reticnlated  and  arbores- 
bapes ;  foliated  and  j^^rannlar. 

=2-2*5.  G.=9-727.  Lustre  inetallic.  Streak  and  color  silver-white, 
,  reddish  hue ;  subject  to  tarnish.  Opaqne.  Fracture  not  observable, 
3.     Brittle  when  cold,  but  when  heated  somewhat  malleable. 

PL,  Var. — ^Pore  bismuth,  with  oooasional  traoes  of  arsenio,  solphnr,  tellarinm. 

etc — B.B.,  on  oharooal  foses  and  entirely  YoLatilises,  giving  a  ooating  orange-yellow       \\ 

ot,  and  lemon-yellow  on  cooling.     Dissolves  in  nitrio  add ;  sabseqnent  dilution  oanaea        ^ 

precipitate.     Crystallises  readily  foom  fusion. 

-Distinguished  by  its  reddish  oolor,  and  high  speoifio  gravis,  from  the  other  brittle 

-Bismuth  ooonrs  in  veins  in  gneiss  and  other  orystaUine  rooks  and  day  date,  aooom- 
'  various  ores  of  silver,  oobalt,  lead,  and  zino.  Abundant  at  the  silver  and  oobalt 
f  Saxony  and  Bohemia ;  also  found  in  Norway,  and  at  Fi^un  in  Sweden.  At  Wheal 
1,  and  elsewhere  in  Cornwall,  and  at  Carraok  Fdl  in  Cumberland  ;  at  the  Atlas  mine, 
lire ;  at  Meymao,  Corrdse ;  at  San  Antonio,  Chili ;  Mt  Illampa  (Sorata),  in  Bdivia ; 
iria. 

jie*s  mine  in  Monroe,  and  near  Seymour,  Conn.,  in  quarti ;  ooooxs  also  at  Brewer's 
hesterfidd  district,  South  Carolina ;  in  Colorado. 


TBIXURIUBC 

agonal,    jB A .B  =  86^  57',  O.  Eose ;  0/\Ii  =  123^  4',  i  =  1-8802. 
Bided  prisms,  with  basal  ei^es  replaced.    Cleavage :  lateral  perfect, 
Imperfect.     Commonly  massive  and  granular. 
=2-2-6.    Q.=6-l-6*3.    Lustre  metallic.     Color  and  streak  tin-white. 


V-Aooording  to  Klaproih,  Tellurium  93*55,  iron  7*20,  and  gold  0-85. 
-In  the  open  tube  fuses,  giving  a  white  subUmate  of  tellurous  oxide,  whloh  B.B. 
odorless  transparent  drops.    On  oharood  fuses,  volatilises  almost  entirdy,  tinges  the 
»en,  and  gives  a  white  ooating  of  tellurous  oxide. 

-Native  tellurium  oocurs  in  Tnmqrlvania  (whenoe  the  name  l^l9afUU\  gdd;  also  al 
daod  mine,  near  Gold  Hill,  Boulder  Co.,  Colorado. 
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NATIVS  BULPBDB. 

Orthorhotnbic.     IM=  101°  46',  (?  A  1-t  =  113"  6' ;  i:liil  =  S-844 

1-23  :  1.     (?  A  l-«  =  117°  41' ;  0  A 1  =  108°  19'.  

Cleavage :    /,    and    1,  imperfect      Twin^^? 
418  417  composition -face,  I,  sometimes  producing  cmc^^*- 

form  crystal^     Also  massive,  sometimes  coo 

eisting  of  concentric  coate. 

II.=  l-5-2-5.     G.=;2'072.  of  crystals  fpon 1 

Ipain.  Lustre  resiiioua.  Streak  snlphur-yeL  — 
low,  sometimes  reddish  or  greenish.  Tnuift- — ■ 
parent — siibtratislucenL  Fracture  conchoidaL  j 
more  or  less  perfect.     Scotile. 

Oomp.— Pnie  snlphnr;  but  otten  oonUminabed  with  da;  or  bitumen. 

Pyr.,  •tc—Bums  at  a  loir  temperature  with  a  blniah  flame,  with  tlie  rtrang  odoe  ot  nE^— 
phaiouB  oxide.  Becomes  reainonslj  electilGeil  b;  fnotion.  Iiuolable  in  wktai,  and  iuimiM 
acted  on  bj  the  acids.  > 

Obi. — Snlphnr  ii  dimorpbons,  the  ciyRtali  being:  monoclinlo  wbea  formed  at  >  modentel,^9r 
high  tempeiatnFe  tt35°  C,  according  to  Fraakenheiio). 

The  great  lepoiitories  of  Hclphui  ore  either  beds  of  gypsom  and  the  aaaoidate  Kteks,  or  tef^ 
rogions  of  active  and  extinct  voloanoei.  Id  the  valley  of  Noto  and  Hamiro,  in  riicilT;  ^^% 
Conil.  near  Cadis,  in  Spain  ;  Bex.  in  Switzerland  ;  Cracow,  in  Poland,  it  ocoors  in  tb«  fonuBX 
ntnation  ;  also  Bologna,  Itajj'.  Bioilj  and  the  neighboring' Toloanlo  ialea;  the  8<dfBbUK,  ne^K.^ 
Naples  ;  the  volcanoea  of  tbe  Paciflo  ooean,  etc.,  are  localities  of  the  latter  kind.  AbnndaKx.! 
In  the  Chilian  Andes. 

Sulphnr  is  found  near  the  gnlpbttc  springs  of  New  Tork,  Virginia,  etc.,  spartuglir  >  ^  na^s^ 
cool  depoNts  and  elsewhere,  where  pyrite  is  nndergoing  decomposition j  at  the  hot  apria^p 
and  geTsera  of  tbe  Yellowstone  park  ;  in  California,  at  the  geysers  ot  Napa  Tallej,  SoDon^u 
Co,  \  in  Santa  Barbara  in  good  crrstals  ;  near  Clear  lake,  Lake  Co.  \  in  Nevada,  in  HnmboLdt 
Co.,  in  large  beds  ;  Nye  and  Esmeralda  Cos..  etc 

The  inlphnr  mines  of  SicQy,  the  oraler  of  Yulcano,  tbe  SoUatara  naai  Kq^  and  the  la^ 
of  California,  aflord  large  quantities  of  sulphur  lor  o 


DIAMOND. 

laometric.     Often  teti-ahedral  in  planes,  1,  3,  and  3-f.     UBnally  w»  th 


cnrved  face«,  as  in  f.  419  (3-f);  f.  420  is  a  distorted  form.    ClearaffC.' 
^octahedral,  highly  perfect.     Twins:  twinning^plane,  octahedral;  f.  418,  « 


hahyx  elsmentb.  SOT 

;  twin  of  f.  419,  the  middle  portion  between  two  opposite  sets  oi 
i  being  wanting.    Rarely  massive. 

.  G.= 3.5295,  Thompson.  Lustre  brilliant  adamantine.  Color 
colorlesp :  occasionally  tinged  yellow,  red,  orange,  green,  bine, 
^metimes  black.  Transparent ;  translucent  when  dark  colored. 
3onchoidal.  Index  of  refraction  2*4.  Exhibits  vitreous  electricity 
bed. 

E^lre  carbon,  iaometrio  in  crystallization. 

Ordinary^  or  czystallised.  The  ciystalB  often  contain  numerous  microscopic  oayi- 
icted  by  Brewster ;  and  around  these  cavitien  the  diamond  shows  evidence,  \xf 
^ht,  of  compression,  as  if  from  pressure  in  the  included  gas  when  the  diamond 
ised.  The  coarse  Tarieties,  which  are  unfit,  in  consequence  of  imperfections,  foK 
ry,  are  called  hort ;  they  are  sold  to  the  tnide  for  cutting  purposes. 

0.  In  black  pebbles  or  masses,  called  carbonado,  occasionally  1 ,  000  carats  in  weight. 
=3  012-3-41«.  Consists  of  pure  carbon,  excepting  0-37  to  2-07  p.  a  (BranT). 
idtie.  Like  anthracite,  but  hard  enough  to  scratch  even  the  diamond.  In  glo- 
tnmiUary  masses,  consisting  partly  of  concentric  layers ;  fragile  ;  G.=1'66;  com* 
rbon  97,  hydrogren  0*5,  oxygen  1  '5.  Cut  in  facets  and  polished,  it  refracts  and 
'ht,  with  the  white  lustre  peculiar  to  the  diamond.  Locality  unknown,  but  sup* 
ne  from  Brazil 

, — Bums,  and  is  wholly  consumed  at  a  high  temperature,  producing  carbonic 
;  is  not  act-ed  on  by  acids  or  alkalies. 

itinguished  by  its  extreme  hardness,  brilliancy  of  reflection,  and  adamantine  lustres, 
e  diamond  often  occurs  in  regions  that  aiford  a  laminated  granular  quartz  rock, 
umyte^  which  pertains  to  the  talcose  series,  and  which  in  thin  slabs  is  more  or 
This  rock  is  found  at  the  mines  of  BrazU  and  the  Urals ;  and  also  in  Qeorgia 
)arolina,  where  a  few  diamonds  have  boen  found.  It  has  also  been  detected  in  a 
conglomerate,  composed  of  rounded  siliceous  pebbles,  quartz,  chalcedony,  etc., 
f  a  kind  of  ferruginous  clay.  Diamonds  are  usually,  however,  washed  out  from 
he  Ural  diamonds  occur  in  the  detritus  along  the  Adolfskoi  rivulet,  where  worked 
d  also  at  other  places.  In  India  the  diamond  is  met  with  at  Purteal,  between 
and  Masulipatam,  where  the  famous  Kohinoor  was  found .  The  locality  on  Borneo 
na,  on  the  west  side  of  the  Ratoos  mountain.  Also  found  in  Australia, 
lond  region  of  South  Africa,  discovered  in  1807,  is  the  most  productive  at  the 
3.  The  diamonds  occur  in  the  gravel  of  the  Vaal  river,  from  Potchefstrom,  cap- 
?ransvaal  Republic,  down  its  whole  course  to  its  junction  with  the  Orange  river, 
along  th3  latter  stream  for  a  distance  of  60  miles.  In  addition  to  this  the  dia- 
!ouod  also  in  the  Orange  River  Republic,  in  isolat-ed  fields  or  Pans^  of  which  Du 
s  the  most  famous.  The  number  of  diamonds  which  have  been  found  at  the  CajK) 
},  and  some  of  them  are  of  considerable  size.  It  has  been  estimated  ih^  the  value 
Ained  from  March,  1867,  to  November,  1875,  exceeded  sixty  millions  of  dollars, 
luence  of  this  production  the  market  value  of  the  stones  has  been  much  dimin- 

dted  States  a  few  crystals  have  been  met  with  in  Rutherford  Co. ,  N.  C. ,  and  Hall 
ley  occur  also  at  Portis  mine,  Franklin  Co.,  N.  C.  (Genth) ;  one  handsome  one, 
I  diameter,  in  the  viUage  of  Manchester,  opposite  Richmond,  Va.  In  California, 
:  ravine,  in  Butte  Co.  ;  also  in  N.  San  Juan,  Nevada  Co.,  and  elsewhere  in  the 
gs.     Reported  from  Idaho,  and  with  platinum  of  Oregon. 

st  diamond  of  which  we  have  any  knowledge  is  mentioned  by  Tavemier  as  in 
>f  the  Great  Mogul.  It  weighed  originally  900  carats,  or  2769  3  grains,  but  was 
cutting  to  861  grains.  It  has  the  form  and  size  of  half  a  hen's  egg.  It  was  found 
the  mine  of  Colone.  The  Pitt  or  Regent  diamond  weighs  but  136  25  carats,  or 
;  but  is  of  unblemished  transparency  and  color.  It  is  cut  in  the  form  of  a  bril* 
s  value  is  eRtimated  at  £125,000.  The  Kohinoor  measured,  on  its  arrival  in  Eng- 
If  inches  in  its  greatest  diameter,  over  |  of  an  inch  in  thickness,  and  weight 

1,  and  was  cut  with  many  facets.  It  has  since  been  recut,  and  reduced  to  a  dia- 
g  by  If  nearly,  and  thus  diminished  over  one-third  in  weight.  It  is  supposed  by 
t  to  have  been  originally  a  dodecahedron,  and  he  suggests  that  the  great  Russian 
1  another  large  slab  weighing  130  carats  were  actually  out  from  the  original  dode- 
Tavemier  gives  the  original  weight  at  787^  carats.  The  Rajah  of  Mattan  has  in 
m  a  diamond  from  Borneo,  weighing  367  carats,  llie  mines  of  Brazil  were  not 
ford  diamonds  till  the  commencement  of  the  eighteenth  centuzy. 
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ORAPHITB.    Hamlwga 

Hexagonal.  In  flat  six-Bided  tables.  The  basal  planes  (O)  are  ofton 
striated  parallel  to  the  alternate  edges.  Cleavage :  basal,  perfect.  Coin^ 
monly  in  imbedded,  foliated,  or  granular  masses.  Barely  in  globular  coor 
ci^etions,  radiated  in  structure. 

H. = 1-2.  G. = 2-09-2-229.  Lustre  metallic.  Streak  black  and  sliininjj. 
Color  inm-black — dark  steel-gray.  Opaque.  Sectile;  soils  paper.  Tlun 
laminse  flexible.     Feel  greasy. 

▼ar. — (a)  Foliated ;  {b)  oolvmnar,  and  sometimes  radiated ;  (0)  scaly,  masshre,  and  dafar ; 
{d)  granular  maaslTe ;  (e)  earthy,  amorphous,  without  metallio  lustre  ezoept  in  the  strauk ; 
(/)  in  radiated  concretions. 

Oomp. — Pure  carbon,  with  often  a  little  iron  sesquiozide  mechanioallj  mixed. 

Pyr.,  etc. — At  a  high  temperature  it  bums  without  flame  or  smoke,  leaving  usually  some 
red  oxide  of  iron.  B.B.  infusible ;  fused  with  nitre  in  a  platinum  spoon,  deflagrates,  oon- 
yerting  the  reagent  into  potassium  carbonate,  which  effervesces  with  adds.  Unaltend  by 
acids. 

Dlft— See  molybdenite,  p.  211. 

Obs. — Graphite  occurs  in  beds  and  imbedded  masses,  lamins,  or  scales,  in  granite,  gneiaB. 
mica  schists,  crystalline  limestone.  It  is  in  some  places  a  result  of  the  alteration  hy  heaftol 
the  coal  of  the  coal  formation.  Sometimes  met  with  in  greenstone.  It  is  a  common  fumaos 
product 

Occurs  at  Borrowdale  in  Cumberland ;  in  Qlenstrathf  arrar  in  InYemesshire ;  at  Arendal  in 
Korwi^;  in  the  Urals,  Siberia,  Finland;  in  yarious  parts  of  Austria;  Pxassia;  Fnaos. 
Large  quantities  are  brought  from  the  Elast  Indies. 

In  the  United  States,  the  mines  of  Sturbridge,  Mass.,  of  Tioonderoea  and  Fisfakfll,  N.  T., 
of  Brandon,  Vt.,  and  of  Wake,  N.  0.,  are  worked:  and  that  of  AuLford,  Conn.,  tami^y 
afforded  a  large  amount  of  graphite.    It  occurs  sparmgly  at  many  otiier  looalitiea. 

The  name  black  lead,  applied  to  this  species,  is  inappropriate,  as  it  contains  no  Isad.  TIm 
name  graphite,  of  Werner,  is  derived  from  ypd^^  to  torite, 

Nordenskiold  makes  the  graphite  of  Brsby  and  Storgard  fnonoelkUe* 


\ 


n.  SULPHIDES,  TELLURIDES,  SELENIDES,  ARSEN- 
IDES, BISMUTHIDES. 

JL  BINARY  COMPOUNDS. — Sulphidks  and  Tkllubidbs  op  the  Mbtaui 

OF  THE   SULPHUB  AKD  AbSENIO  OBOUP8. 
V/RBAIiOAB, 

Monoclinic.     6^=  66^  6',  /A  /=  74^  26',  MarigDac,  Scacchi,  (?  A 14  =s 
138^  21' ;  iib:d  =  0-6755  :  06943 : 1.   Habit  pris- 
matic.     Cleava^ :  i4,   O  rather  perfect;  I,  t-i  in 
traeca.     Also  granalar,  coarse  or  nne  ;  compact. 

H.=l-5-2.  G.=3*4-3-6.  Lnstre  resinous.  Color 
anrora-red  or  orange-yellow.  Streak  varying  from 
orange-i-ed  to  aurora-red.  Transparent — translu- 
cent   Fracture  conchoidal,  uneven. 

Ckimp.— ABS=r8aIpliar  29.9,  anenio  70*1  =100. 

Pyr.,  etc« — In  the  dosed  tube  melts,  volatilixeB,  caid  giyes  a 
tnnqMient  red  snhlimate  ;  in  the  open  tube,  solphnrons  fames, 
and  a  white  ciystalline  sublimate  of  anenoos  oxide.    B.B.  on 

cbarooal  bnzns  with  a  bine  flame,  emitting  arsenical  and  solphnrons  odors.    Soluble  in  oaustio 
alkalies. 

Obs. — Occurs  with  ores  of  silver  and  lead,  in  Upper  Hungary :  in  Tnmsylvania ;  at  JoacAiims- 
thai ;  Sohneeberff ;  Andreasberg ;  in  t^e  Binnenthol,  Switieriand,  in  dolomite ;  at  Wieslodi 
in  Baden ;  near  Jnlamerk  in  Koordlstan ;  in  Vesuvian  lavas,  in  minute  crystals. 


OBFXBSBMT. 


Orthorhombic.  /  A  /  =  100**  40',  <?  A  1-i  =  126**  30',  Mohs.  (5 :  ?  :  d(  = 
1'351I  :  1-2059  : 1.  Cleavage :  i-i  highly  perfect,  iri  in  traces,  i-i  longi- 
tudinally striated.  Also,  massive,  f oUated,  or  columnar;  sometimes  reni- 
form. 

H.==  1-5-2.  G.=3*48,  Haidinger.  Lustre  pearly  upon  the  faces  of  per- 
fect cleavage ;  elsewhere  resinous.  Color  several  shades  of  lemon-yellow. 
Streak  yellow,  commonly  a  little  paler  than  the  color.  Subtransparent — 
subtranslncent  Sub-se^tile.  Thin  laminse  obtained  by  cleavage  flexible 
but  not  elastic 

Oomp^—AssSt^  Sulphur  89,  arsenic  61=100. 

Pyr.,  etc. — In  the  closed  tube,  fuses,  volatilises,  and  gives  a  dark  yellow  sublimate;  other 
reactions  the  same  as  under  realgar.     Dissolves  in  nitro-hydroohlcnric  add  and  caustic  alkalies. 

Obs. — Orpiment  in  small  oiystals  is  imbedded  in  day  at  Tajowa,  in  Upper  Hungary.  It  is 
usnally  in  foliated  and  fibrous  masses,  and  in  this  form  is  found  at  Kapnik,  at  Moldawa,  and 
at  Fdoobanya ;  at  Hall  in  the  TjtoX  it  is  found  in  gypsum :  at  St.  Gothaid  in  dolomite ;  aft 

14 
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tho  Solfotom  DMT  Nkplea.  Neu  Jnlunerk  in  Eooidittan.  OoconBlBOBtAiMlMmbaio,  Fen. 
Small  traces  aie  met  with  in  EdenviUe.  Omnge  Co.,  N.  Y. 

The  name  orpimeDt  u  a  oorraptiou  of  ite  I<titin  nuns  anripigmeatnm,  "  ffeidat  pami," 
which  was  given  in  allnaion  to  the  color,  and  also  beoaaae  the  subsunoe  was  Buppoand  to  ooB' 
tain  gold. 

DjHonPHiTE  of  Scooohi  taaj  be,  aocoiding  to  Kenngott,  a  rarletj  of  orpiment 


t^UNITU,    Antlmonjte.  Qnj  Aatimooj.  Andmon^  Olanoe.  Antlmonglinz,  6«nM. 

Orthorhombic.  /a/=  90°54',  OAl-t  =  134°16',Ki-eniier;  i:l:d  = 
1-0259  :  1-0158  ;  1.  (9  A  1  =  124' 
45';   OAl-{=ia4°4Sl'. 

lateral  planes  deeply  etriated 
longitudinal  ly.  Cleavage  :  it  highly 
perfect.  Often  columnar,  coarse  or 
line  ;  also  granular  to  impalpable. 

H.=2.  G.=4-516,Haay.  Lnstw 
meralliti.  Color  and  streak  lead- 
gmy,  inclining  to  steel-gray;  sub- 
ject to  blackish  taniish,  sometimes 
iridesoent.  Fracture  small  snb-con- 
choidal.  Sectile.  Thiu  laminte  a 
little  flexible. 

Oomp.—8biBt= Sulphur  88-2,  utimony  71 4=100. 

Pyr.,  ate.— In  the  open  tabs  BolphuTOiu  and  antimonoua  tamet,  the  lattei  oandenring  h  ■ 
vhltA  mbUmate  which  B.B.  is  non-tolatile.  On  charooal  fosea,  epreadBont,  girea  nilpbuMni 
and  antimonoua  fumes,  coata  the  coal  white ;  thia  coating  treated  in  B.F.  tinges  the  flame 
greeniab-bliie.     Fu8.  =  I.     When  pure  perfectly  HOlnble  in  hjdroohlorio  add. 

DIS. — Diatin^ruiB^od  b?  ita  perfect  cleaToge ;  also  hj  ita  eztieme  fusibilit;  and  other  blow- 
pipe oharaoteiB, 

Ob-. — OccuiB  with  epathio  iron  in  beds,  but  generallj  in  Teina  Often  aisodated  with 
blende,  barite,  and  qaartx. 

Met  with  in  veins  at  Wolfsbcrg',  in  the  Harz  ;  at  BniansdorF,  near  Freiberg ;  at  Frdbram ; 
in  Hungar;  ;  at  I'ereta,  in  TuBcanj;  in  Che  Urals;  in  Dumfriesshire;  in  Cornwall.  A1m> 
found  in  diSfrcnC  Mexican  mines.     Al«o  abundant  in  Borneo. 

In  the  United  States,  it  occurs  Bpaiingly  at  Cannel.  Me.  ;  at  Cornish  and  Lyme,  N,  H. ; 
at  '-  Soldier's  Delight,"  Md.  ;  iu  the  Humboldt  miniog  region  in  Nevada  ;  also  in  the  mines 
of  Anrora,  Esmeralda  Co.,  Nevada.  Also  found  in  New  Brunswick,  30  tn.  from  Fredeiioton, 
S.  W.  side  of  St  John  E, 

This  ore  affords  ranch  of  the  antimony  of  commerce.  The  crude  antimony  of  the  sbopa  it 
obtained  by  simple  fusion,  which  separates  the  aocompauying  rock.  From  this  product  most 
nt  the  pharmacenticnl  preparations  of  antimony  are  made,  and  the  pure  metal  extracted. 

IiiviKasToNrTB  (Barcma). — Beaembles  itibnita  in  physical  characters,  but  haa  a  rtd 
•treak,  and  contains,  iKsidea  sulphur  and  antimony,  14  p.  c.  mercury.  Huitcuoo,  State  of 
Qnenero,  Hexioo. 


BIBMUTUlNlTiL    Biimuth  Olanoe.     WUmnthglant,  Otnt, 

Orthorhombic.  Za /=  Ol'SO', Haidinger.  Cleavage:  brachydiagonal 
perfect ;  niaci-odi agonal  less  so ;  basal  perfect.  In  aciciilar  crystals.  Also 
tnassive,  with  a  foliated  or  fibrona  Btructnre. 

H.=3.  G. = 6-4-6-459 ;  7-2;  7-16,  Bolivia,  Forbea.  Lnstre  metallic 
Streak  and  color  lesd-gray,  inclining  to  tin-white,  with  a  yellowiah  oririded- 
cent  turnish.     Opaque. 
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— Bi,S3=SnlphQr  18*75,  bismath  81-25=100 ;  isomorphons  with  stibnite. 
ta — In  the  open  tabe  snlphnrons  fumes,  and  a  white  snblimate  whioh  RB.  fosee 
3,  brown  while  hot  and  opaque  yellow  on  cooling.     On  charoo&l  at  first  gives  sul- 
fumes,  then  fuses  with  spirting,  and  ooats  the  coal  with  yellow  bismutii  oxide. 
Dissolves  readily  in  hot  nitric  acid,  and  a  white  precipitate  falls  on  diluting  with 

Pound  at  Brandy  Qill,  Oarrock  Fells,  in  Oamberland  ;  near  Redruth ;  at  BotalUck 
Vb End ;  at  Herland  Bfine,  Gwenuap ;  with  childrenite,  near  Oallington  ;  in  Saxony; 
hjttan,  Sweden;  near  Sorata,  BoUvia.     Ooours  in  Rowan  Go.,  N.  G.,  at  the  Baro 
a. ;  at  Haddam,  Ct. ;  Beaver  Co.,  Utah. 

JTJATiTB  ;  Rremdite.  Fernanda,  1878  j  OasUOo,  1878  ;  FrenMd,  1874.— A  bismuth 
BisSes ;  sometimes  with  part  of  the  selemum  replaced  l^  sulphur,  that  is,  Bi9(Se,8)s, 
S=3  :  2,  whioh  requires  Selenium  23*8,  sulphur  6*5,  bismuth  697=100.  Isomer- 
th  stibnite  and  bismuthinite  (^Schrauf),  Guanajuato,  Mezioo.  Selaohttb  from 
to  is  BisSe  (Fernandez). 


TETRADTMITB,    Tellurwismuth,  Oerm. 

gonal.     OaR  =  118^  38',  ^ A ^  =  81°  2' ;  ^  =  1-5866.     Crystals 

bular.     Cleavage :  basal,  very  perfect.     Also  massive,  foliated,  or 

1*. 

I  •5-2.     G.=7'2~7'9.     Lustre  metallic,  splendent     Color  pale  steeF- 

!fot  very  sectile.     Laminae  flexible.     Soils  paper. 

Var. — Consists  of  bismuth  and  tellurium,  with  sometimes  sulphur  and  selenium. 
%  when  present,  replaces  part  of  the  tellurium,  the  analyses  for  the  most  part  afford 
•al  formula  Bi,(Te,  S),.  Var.  l.—Free  from  sulphur.  Bi,Te3= Tellurium  48-1, 
51-9;  G.  =7-868,  from  Dahlonega,  Jackson;  7*642,  id.,  Baloh.  2.  SuiphurouM. 
^  4  or  5  p.  c.  sulphur.  S.=7'500,  crystals  from  Schubkan,  Wehrle. 
[n  the  open  tube  a  whito  sublimate  of  tellurous  oxide,  which  B.B.  fuses  to  oolorleai 
n  charcoal  fuses,  g^ves  white  fumes,  and  entirely  volatilises ;  tinges  the  B.  P.  bluish- 
ats  the  coal  at  toit  white  (tellurous  oxide),  and  finally  orange-yellow  (bismuth 
>me  varieties  give  sulphurous  and  selcDOus  odors. 

)istingui8hed  by  its  easy  fusibility ;  tendency  to  foliation,  and  high  speoifio  grravit^r. 
)ocurR  at  Schubkan,  near  Schemnitz ;  at  Eetzbanya ;  Grawitsa ;  at  Tellemark  in 
at  Bastnaes  mine,  near  Riddarhyttan,  Sweden. 

Jnited  States,  associated  with  gold  ores,  in  Viiginia  *  in  North  Carolina,  Davidson 
Also  occurs  in  Georgia,  4  m.  E.  of  Dahlonega,  and  elsewhere  ;  Highland,  Montana 
[)loud  mine,  Colorado,  rare ;  Montgomery  mine,  Arisona. 
c. — A  bismuth  telluride,  in  which  half  the  tellurium  is  replaced  by  sulphur  and 

Brazil. 
ITS. — Composition  probably  Bi(Te,  S).     0.=8*44.    Deutsch  Pilsen,  Hungaiy. 


MOLYBDBNiTJU.    Molybd&nglans,  Oerm. 

)rt  or  tabalar  hexagonal  prisms.     Cleavage :  eminent,  parallel  to 

hexagonal  prisms.     Commonly  foliated,  massive,  or  in  scales:  also 

lular. 

.-1*6,  being  easily  impressed  by  the  nail.     G.=4:-44-4-8.     Lnstre 

.     Color  pure  lead-gray.     Streak  similar  to  color,  slightly  inclined 

.     Opaqne.     LamiriflB  very  flexible,  not  elastic.     Sectile,  and  almost 

le.     Jjluish-gray  trace  on  paper. 
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Oomp.— Mo8,=Salphnr  41*0,  molybdennm  50'0=100. 

P3n^.,  etc.— In  the  open  tube  snlphnrous  fomea  B.B.  in  the  foroeps  infarible,  impaxte  a 
yellowish-green  color  to  the  flame  ;  on  charooal  the  polyerized  mineial  gives  in  O.F.  a  strong 
odor  of  snlphnr,  and  coats  the  ooal  with  crystals  of  molybdio  oxide,  which  appear  yellow 
while  hot,  and  white  on  cooling ;  near  the  assay  the  ooating  is  oopper-red^  and  if  the  white 
ooating  be  touched  with  an  intermittent  R.F.,  it  assumes  a  beautiful  asure-blue  color. 
Decomposed  by  nitric  acid,  leaving  a  white  or  grayish  residue  (molybdio  oxide). 

I>iffi — Distinguished  from  grapUte  by  its  color  and  streak,  and  also  by  its  behavior  (yield- 
ing sulphur,  etc. )  before  the  blowpipe. 

Obs. — Molybdenite  generally  occurs  imbedded  in,  or  disseminated  throngh,  granite,  gn6i8i» 
airoon-syenite,  granular  limestone,  and  other  crystaJline  rocks.  Found  in  Sw^en :  Norway ; 
Russia.  Also  in  Saxony  ;  in  Bohemia  ;  Bathausbeig  in  Austria ;  near  Miask,  Urals ;  Chessy 
in  France ;  Peru  ;  Brazil ;  Calbeck  Fells,  and  elsewhere  in  Cumberland ;  several  of  the  Cornish 
mines ;  in  Scotland  at  East  Tulloch,  etc. 

In  Maine,  at  Blue  Hill  Bay  and  Camdage  farm.  In  Conn,,  at  Haddam.  In  VdrmtnUy  at 
Newport  In  iV.  Bampahire,  at  Westmoreland ;  at  Uandaff ;  at  Franconia.  In  Mass.,  at 
Shutesbury  ;  at  Brimfield.  In  N.  York,  near  Warwick.  In  Penn,,  in  Chester,  on  Chestei 
Creek  ;  near  Concord,  Cabarrus  Co.,  N.  C.  In  CaUfomia,  at  Excelsior  gold  mine,  in  Excel- 
sior district    In  Canada^  at  several  places. 


2.  BINARY   COMPOUNDS.— Sulphides,  Tellueidbs,  etc.,  of  Mbtaub 

OF  THE  Gold,  Ibon,  and  Tin  Gboups. 

A.  BASIC  DIVISION. 
DTSORAfOTB.    Antimonial  Silver.    Antimon-Silber,  Qerm^ 

Orthorhornbic.  IaI=  119°  59' ;  Oa  11 130°  41' ;  c  :  ?  :  dE  =  1-1683: 
1-7316  :  1 ;  0  A 1  =  126°  40' ;  (9  A  1-i  =  146^  6'.  Cleavage :  basal  distinct : 
1-i  also  distinct;  /  imperfect.  Twins:  stellate  forms  and  hexagonal 
prisms.  Prismatic  planes  striated  vertically.  Also  massive,  granular ;  par- 
ticles of  various  sizes,  weakly  coherent. 

H.=3-6-4.  G.=9-44-9-82.  Lustre  metallic.  Color  and  streak  silver- 
white,  inclining  to  tin-white ;  sometimes  tarnished  yellow  or  blackish. 
Opaque.     Fracture  uneven. 

Oomp.—Ag4Sb= Antimony  22,  silyer  78=100.  Also  AgtSb=Antimonj  15-06,  aUver  84*34, 
and  other  proportion& 

Pyr.,  etc. — B.  B.  on  charooal  fnses  to  a  globnle,  •coating  the  coal  with  white  antimonoos 
oxide,  and  finally  giving  a  globnle  of  almost  pure  silver.  Soluble  in  nitric  acid,  leaving  anti- 
monoos  oxide. 

Oba. — Occurs  near  Wolfach  in  Baden,  Wittichen  in  Snabia,  and  at  Andreasbezg  ;  also  aft 
Allemont  in  Daapbin6,  Caaalla  in  Spain,  and  in  Bolivia,  S.  A. 


DOBSBTKITB.    Araenikkupf er,  Germ. 

Beniform  and  botryoidal ;  also  massive  and  disseminated. 

H. = 3-3*5.  G. = 7-7'50,  Portage  Lake,  Genth.  Lustre  metallic  but  dull 
on  exposure.  Color  tin-white  to  steel-gra^,  with  a  yellowish  to  pinchbeck- 
brown,  and,  afterward,  an  iridescent  tarnish.     Fracture  uneven. 
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Oompw— GiuA8=Axteiiio  28  8,  oopper  71*7=:100. 

P3nr*9  otc. — In  the  open  fcabe  fuses  and  giyes  a  white  Grystallme  sablimate  of  azBenoiia 
•side.  B.B.  on  diarooal  arsenical  fames  and  a  malleable  metallic  globule,  which,  on  treaV 
ment  with  soda,  gives  a  globule  of  pure  copper.  Not  dissoWed  in  hydrochloric  acid,  bol 
Kduble  in  nitric  acid. 

Oba. — From  the  mines  of  GhilL  In  N.  America,  found  on  the  Sheldon  location,  Portage 
Xske ;  and  at  Miohipiooten  Island,  in  L.  Superior. 

Aloopomitb. — Ck>mpoeition,  GutA8= Arsenic  10  5,  oopper  83*5.    Chili ;  also  Lake  Superior. 

Whttns viTJB.  — Ca»AB= Arsenic  11*6,  oopper  88  *4 = 100.    Houghton,  Mich. ,  also  California, 


B.  PHOTO  DIVISION. 


(a)  Galenite  Group.    Isometric;   holohedraL 

ARaBNTTTB.    Silver  Glance.    Vitreous  Silver.     Silberglanz,  Oerm, 

iBonietric    Cleavage :  dodecahedral  in  traces.    Also  reticulated,  arbore»- 
nt,  and  filiform  ;  also  amorphous. 

H, = 2-.2-6.    G. = 7-196-7-365.     Lustre  metallic.    Streak  and  color  black- 
^^h  lead-gray  ;  streak  shining.     Opaque.     Fracture  small  sub-conchoidal, 
\Deven.    Malleable. 

Oomp.—Ag3S= Sulphur  12-9,  sUver  871=100. 

P3nr^  etc. — In  the  open  tube  gives  off  sulphurous  oxide.  B.B.  on  charcoal  fuses  with  intQf 
mesoence  in  O.F.,  emitting  sulphurous  fumes,  and  yielding  a  globule  of  silyer. 

Difi. — Distinguished  from  other  silver  ores  by  its  malleabili^. 

Obs. — Found  in  the  Erzgebiige ;  in  Hungary ;  in  Norway,  near  Kongsberg  ;  in  the  Altai; 
in  the  Urals  at  the  Bla^)dat  mine ;  in  Gomwall ;  in  Bolivia ;  Peru ;  ChHi ;  Mexico,  eto. 
Oocurs  in  Nevada,  at  the  Gomstock  lode,  and  elsewhere. 

Oi'DHAMiTE  from  the  Busti  meteorite  is  essentiaUy  GaS. 

NAUifANNrrE. — A  sUver  selenide,  containing  also  some  lead.  Golor  iron-black.  From 
the  Han. 

BucAUUTB. — ^A  lUver-oopper  selenide,  (Gu,  Ag)tSe.  Golor  silver- white  to  gray.  Sweden ; 
Chili 

OROOKESmL 

Massive,  compact ;  no  trace  of  crystallization. 

H.=2'5-3.    &.=6*90.    Lustre  metallic.     Color  lead-gray.     Brittle. 

Oomp.— <Gu9,Tl,Ag)  Se=Selemum  33  28,  copper  45-76,  thallium  17-25,  silver  3-71«100. 

Pyr.,  etc — B.B.  fuies  very  easily  to  a  greenish-black  shining  enamel,  coloring  the  flame 
Sfteongly  g^en.     Insoluble  in  hydrochloric  acid  ;  completely  soluble  in  nitric  acid. 

ObL^From  the  mine  of  Skrikerum  in  Norway.  Formerly  regarded  as  selenide  of  copper 
or  benelianite. 

OiALilMiTJJ.    Galena.    Bleiglana,  Oerm.  \/ 

Isometr^ ;  liaMt  cubic  (see  f.  38,  39,  etc.,  p.  15).  Cleavage,  cubic,  per- 
fect; octalieoral  m  traces.  Twins:  twinning-plane,  the  octahedral  plane, 
f .  425  (f.  263,  p.  88) ;  the  same  kind  of  composition  repeated,  f .  426,  and 


y 


flattened  parallel  to  1.     Abo  reticalated,  tabular ;  coarse  or  fine  granaUt; 
eoiuetiines  impalpable ;  oucasioDall;  fibroos. 


lI.=ii-5-2-75.  G.=7'25-7-7.  Lustre  metallic.  Color  and  8treakpiB.» 
IcaJ-i^rtiv.  Surface  of  crystals  occasionally  tarnished.  Fracture  flat  slx-^ 
dioiichoidal,  or  even.     Frangible. 

Oomp.,VBr.—PbS  =  SQlphar  13-4,  lead 36-6=100.  Coubuos  tUver,  and  oooaaiimmllT  >el ^9i 
imni,  line,  cadmium,  antimon?,  oopper,  ta  lalphides ;  besides,  alao,  aometiinoa  nativa  nl-^r^ 
and  (TOld  ;  all  galaniCe  is  more  oi  less  argentiterona,  azid  no  axMmal  chuactera  serre  to  ■^ii' 
tinguish  the  relatiie  amount  of  ailver  preseat, 

Pyr.—In  the  open  tube  gives  anlpharouB  fame*.  B.B.  on  charooal  fnseo,  emita  «iilphnE-«3u 
fomes,  coata  the  ooal  yellow,  and  yields  a  globule  of  metallic  lead.     Solable  in  nitric  actcl 

DiS. — DistingoiBhed  in  all  bnt  Uie  finely  granular  vorietiea  by  iti  perfect  onbio  dearag^st. 

Obt.— OocuiB  in  beds  and  vains,  both  in  ciTBtulliiie  and  aadTstalliiie  rooks.  It  is  oftn 
anBOCiated  with  pyrite,  marcasite,  blende,  oholoopyiite,  arBenopyrite.  etc,  in  a  gangne  d 
quartz,  calcite,  barite,  or  Saorite,  etc  ;  also  wiUi  oemsaite,  onglesite,  and  other  lalta  of  Iwt 
Which  are  fieqaent  resnlta  of  its  alt«TBtion.  It  is  also  common  with  gold,  and  in  imam  gf 
Hilvci:  ores.  Some  piomioent  localities  are  : — Freiberg  in  Saxony,  the  Hon,  Pnibnun  wud 
Jouchimstbal.  SCyria  ;  and  also  Bleibe^,  and  the  neighboiing  localities  of  Cariuthia.  Sola  is 
Sweden,  Leadbills  and  the  killas  of  Cornwall,  in  veins ;  Derbyghire.  Cnmberland.  and  tin 
nOTthem  districts  of  England  ;  in  NedBchinsk,  Elaat  Siberia;  inAlgeria;  near  Cape  of  Oood 
Hope;   in  Australia;   Chili;  Bolivia,  etc 

Extensive  deposits  of  this  ore  in  the  United  States  exist  in  Hisaoori,  Illinois,  Iowa,  aod 
Wisconsin.  Other  important  localities  are: — in  iV<su  Tofk,  Rossie,  St.  LawrenDS  Co.: 
Wurlilwro,  Sullivaa  Co. ;  at  Ancram,  Columbia  Co  '  in  Ulster  Co.  In  Maine,  at  Lnbea.  In 
Jff.je  ILimptkire,  at  Eaton  and  other  places.  In  Vermont,  at  Thetford.  In  Conneetie<  •» 
Sliddlctown.  In  ifataacfiuttite,  at  Newburyport,  at  Southampton,  ete.  In  Peantj/ltaniii.'t 
Pbenixvillo  and  elsewhere.  In  Virginia,  at  Austin's  mines  in  Wythe  Co.,  ^'alton'a  gnldniiitf 
in  Louisa  Co.,  etc.  In  Tfanegnct.  at  Brown's  Creek,  and  nt  Hsyaboro,  near  Nashville,  lo 
3fiel'li/'in.  in  the  region  of  Chocolate  river,  and  Lake  Superior  copper  districts,  on  tin 
N.  sliore  of  L.  Superior,  in  Neebing  on  Thunder  Bay,  and  aronnd  Black  Bay.  In  (Ui- 
famia.  at  many  of  the  gold  mines.  In  Nevada,  abundant  on  Walker**  river,  and  at  StMB- 
boat  Springs,  Galena  district.  In  Ariiona,  In  the  Castle  Dome,  Eurek*,  and  other  diitiK**' 
In  Colarada,  at  Pike'a  Peak,  eto. 

OZiAnBTHAIOm.    Selenblei,  Otrm. 

Isometric.  Occurs  commonly  in  fine  granular  masses ;  some  Bpecimei* 
foliiited.     Cleavage  cubic. 

TI,=2*5-3.  G.=7'6-88.  Lustre  metallic.  Color  lead-gray,  somewhit 
bluisb.     Streak  darker.     Opaque.     Fracture  granular  and  Bniiiing. 

Oomp.,  Tar.— Pb8e:=  Selenium  37-6,  lead  78-4=100.  Bcaidea  the  pure  selenide  of  laai, 
there  Are  others,  often  arranged  as  distjnot  apeoisa,  which  oontain  oobalt,  oopper,  or  neroaiy, 
bi  plaoe  of  part  of  the  lead,  and  •otnetiine*  a  Utile  ulvei  or  iron. 
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pr. — Decrepitates  in  the  closed  tube.      In  the  open  tabe  gives  selenoos  fumes  aad  a  red 
imate.      B.  B.  on  charcoal  a  strong  selenoos  odor ;  partially  fuses.     Coats  the  coal  near 
Msay  at  first  gray,  with  a  reddish  border  (selenium),  and  later  yellow  (lead  ozide} ;  when 
entirely  volatile ;  with  soda  gives  a  globule  of  metallic  lead. 

bs. — Much  resembles  a  granular  galenite;  bat  the  faint  tinge  of  blue  and  the  B.B 
imm  fames  serve  to  distinguish  it. 

>nnd  at  Clausthal,  Tilkerode,  Zorge,  Lehrbach,  eta,  in  the  Harz ;  at  Beinsberg  in  Sax 
,   at  the  Rio  Tinto  mines,  Spain  ;  Cacheuta  mine,  Mendoza,  S.  A.     . 
>ROiTB  and  Lbhrbachitk  occur  with  dausthalite  in  the  Uarz.    Zorgite  is  a  lead-coppet 
lide.     Lehrbachite  is  a  lead-mercury  selenide. 

ERZELiANiT£.—CuiSe= Selenium  38 '4,  copper  01*6=3100.  Color  silver -white.  From 
den,  also  the  Harz. 

LTA1TB. — Composition  PbTe= Tellurium  38 '3,  lead  61*17.  Isometric.  Color  tin- white, 
m  Savodinski  in  the  Altai ;  Stanislaus  mine,  Cal. ;  Bed  Cloud  mine,  Colorado ;  Provinob 
roqoimbo.  Chili 

lEMANNiTB  (Selcnquecksilber,  Oerm,).^iL  mercury  selenide,  probably  HgSe.  Massive, 
ind  in  the  Haiz ;  also  Calif omia. 


BORNITB.    Srubesoite.    Purple  Copper  Ore.     Bontkupfererz,  Oerm.  ^ 

[sometric.    Cleavage  :  octahedral  in  traces.    Massive,  structure  granular 

corapact. 

B«=3.     G,=4*4-5*5.     Lustre  metallic.     Color  between  copper-red  and 

icjlibeck-brown ;  speedily  taniislies.     Streak  pale  grayish- black,  slightly 

niug.     Fracture  small  conchoidal,  uneven.     Brittle. 

• 

^aaxp. — For  ozystallized  varieties  FeCutSs,  or  sulphur  88*06,  iron  16*36,  copper  55*58=100. 
ler  varieties  are :  FcsCutSi,  FeCutSs,  and  so  on.  The  ratio  of  R  (Cu  or  Fe)  to  S  has  the 
aes  5  :  4,  4  :  3,  3  :  2,  7  :  3  (Rammelsberg).  Analysis,  Collier,  from  Bristol,  Ct.  Sulphur 
38,  copper  61*79,  iron  11*77,  sUver  tr.  =99*39  (R  :  8=3  :  2). 

'yr.,  etc. — In  the  dosed  tube  gives  a  faint  sublimate  of  sulphur.     In  the  open  tube  yields 
phnrons  oxide,  but  gives  no  sublimate.     B.B.  on  charcoal  fuses  in  R.F.  to  a  brittle  mag- 
ic globule.     The  roasted  mineral  g^ves  with  the  fluxes  the  reactions  of  iron  and  copper, 
I  iHth  soda  a  metallic  globule.     Soluble  in  nitric  acid  with  separation  of  sulphur. 
yUL — Distinguished  by  its  copper-red  color  on  the  fresh  fracture,     t 

>ba« — Foand  in  the  mines  of  Cornwall ;  at  Ross  Island  in  Killamey,  Ireland  ;  at  Mount 
dni,  Tuscany ;  in  the  Mansfeld  district,  Germany ;  and  in  Norway,  Siberia,  Silesia,  and 
ngary.  It  is  the  principal  copper  ore  at  some  Chilian  mines ;  also  common  in  Pern,  Boll- 
,  and  Mexico.  At  Bristol,  Conn.,  it  has  been  found  abundantly  in  good  crystals.  Found 
salve  at  Mahoopeny,  Penn.,  and  in  other  parts  of  the  same  State ;  also  at  Chesterfield, 
m. ;  also  in  New  Jersey.  A  common  ore  in  Canada,  at  the  Acton  and  other  mines. 
ILABAITDITB  (Manganglanz,  Germ.), — MnS=Sulphur  36*7,  manganese  63.3=100.  Isomet- 
.  Cleavage  cubia  Color  black.  Streak  green.  From  Transylvania,  etc. 
iBOiTAnrriB. — ^A  solphide   containing   nickel,   bismuth,    iron,   cobalt,    copper.      From 


(J)   Blende  Oroup.    Isometric  ;  tetiahedral. 

/      SPHALERITE  or  ZINC  BLENDE.    Black- Jacc,  Engl  MinerM,  '^ 

Isometric:  tetrahedral.    Cleavage:  dodecahedral,  highly  perfect.    Twins : 
inning-plane  1,  as  in  f.  429.     Also  botryoidal,  and  otlier  imitative  shapes ; 
netimes  fibrous  and  radiated  ;  also  massive,  compact. 
BL=3*6-4.     Q.=3-9-4*2.     4-063,  white,  New  Jersey.     Lustre  resinous 
adamanite.     Color  brown,  yellow,  black,  red,  green ;  white  or  yellow 
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when  pure.      Streak  white— reddiBh-brown.     Transparent— tranflluoent 
Fracture  conchoidal.    Brittle. 
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Oomp.,  Var.— ZdS— Sulphnr  33,  sine  67=100.  But  often  having  part  of  the  zinc  replaced 
by  iron,  and  sometimes  by  cadmium :  also  containing  in  minute  quantities,  thallium,  indium, 
and  g^Iium.  Var.  1.  Ordinary.  Gontaininff  little  or  no  iron  ;  colors  white  to  yeUowish- 
browQ,  sometimes  black;  G.=3  9-4 'I.  2.  Ferriferous ;  MarmatUe,  Containing  10  p.  c.  or 
more  of  iron;  dark-brown  to  black  ;  G.  =3*9-4*2.  The  proportion  of  iron  sulphide  to  sine 
sulphide  varies  from  1  :  5  to  1  :  2.  8.  Cadmiferaus  ;  Przibrumite.  The  amount  of  cadmium 
present  in  any  blende  thus  far  analyzed  is  less  than  5  per  cent  Each  of  the  above  ywieties 
^Mj  occur  (a)  in  crystals ;  (b)  firm,  fibrous,  or  columnar,  at  times  radiated  or  plumose  ;  (e) 
oleavable,  massive,  or  foliated ;  {d)  granular,  or  compact  massive. 

Pyr.,  etc. — In  the  open  tube  sulphurous  fumes,  and  generally  changes  color.  B.B.  on 
ohamoal,  in  R.  F. ,  some  varieties  give  at  first  a  reddish-brown  coating  of  cadmium  oxide,  and 
later  a  coating  of  zinc  oxide,  whidi  is  yeUow  while  hot  and  white  after  cooling.  With  cobalt 
solution  the  zinc  coating  gives  a  green  color  when  heated  in  O.  F.  Most  varieties,  after 
roasting,  give  with  borax  a  reaction  for  iron.  With  soda  on  charcoal  in  B.F.  a  strong  green 
line  flame.     Difficultly  fusible. 

Dissolves  in  hydrochloric  acid,  during  which  sulphuretted  hydrogen  is  disengaged.  Some 
specimens  phosphoresce  when  struck  with  a  steel  or  by  friction. 

Diff. — Geuerallj  to  be  distinguished  by  its  perfect  cleavage,  giving  angles  of  60°  and  120^; 
by  its  resinous  lustre,  and  also  by  its  infusibility. 

Obs. — Ocouis  in  both  crystalline  and  sedimentary  rocks,  and  is  usually  associated  with 
galenite  ;  also  with  barite,  chalcopyrite,  fluorite,  siderite,  and  frequently  in  silver  mines. 

Derbyshire,  Cumberland,  and  Cornwall,  afford  different  varieties ;  also  Transylvania;  Hun- 
gary ;  the  Harz ;  Sahla  in  Sweden ;  Batieborzitz  in  Bohemia ;  many  Saxon  localities. 
Splendid  crystals  in  dolomite  are  found  in  the  Binnenthal 

Abounds  with  the  lead  ore  of  Missouri,  Wisconsin,  Iowa,  and  Illinois.  In  i\r.  York^  Sulli- 
van Co.,  near  Wurtzboro* ;  in  St.  Lawrence  Co.,  at  Cooper's  falls,  at  Mineral  Point;  at  the 
Ancram  lead  mine  in  Columbia  Co.  ;  in  limestone  at  Lodcport  and  other  places.  In  Mfiu., 
at  Sterling  ;  at  the  Southampton  lead  mines ;  at  Hatfield.  In  N.  Hamp.^  at  the  Eaton  lead 
mine  ;  at  Warren,  a  large  vein  of  black  blende.  In  Maine^  at  the  Lubec  lead  mines,  etc 
In  Conn.  t3kt  Roxbury,  and  at  Lane*s  mine,  Monroe.  In  N.  Jersey^  a  wJdte  variety  at  Frank- 
lin. In  Penn. ,  at  the  Wheatley  and  Perkiomen  lead  mines  ;  near  Friedensville,  Lehigh  Ca 
In  Virginiii^  at  Austin's  lead  mines,  Wythe  Co.  In  Michigan,  at  Prince  vein,  Lake  Superior. 
In  JUinois^  near  Rosiclare ;  near  Galena,  in  stalactites,  covered  with  pyrite,  and  galenite 
In  WiaooiiHiiiy  at  Mineral  Point.     In  Tennes,'<ee^  at  Hay8boro\  near  Nashville. 

Named  bUnde  because,  while  often  resembling  galena,  it  yielded  no  lead,  the  word  in  Ger 
man  meaning  blind  or  deceiving.    Sphalerite  is  from  o-^oAcfxis,  treacherous. 


(c)  Ohalcocite  Oroup.     Opthorhombic. 

HEBSrrZI.    Tellursilber,  Oerm. 

Orthorhonibic,  aud  resembling  chalcocite.     Cleavage  indistinct 
aive  ;  compact  or  fine  grained  ;  rarely  coarse-granular. 


Mas 


mrLrsnns,  tku.obidb8]  sblkiiidb8,  via  917 

H.=2-3-6.  G.=8-8-8-6.  LoBtre  metallic.  Color  between  lead-graj 
and  steel-gray.     Sectile.     Fractnre  even. 

Ooiiv^-AgiTe=TeUatiiiin  878,  dlTaT  63'8=100.  SilTcr  tomeiimM  repUoed  in  part  bj 
gold. 

Ptt.— In  iIm  (^[teii  tabs  ft  tiint  white  anblioiate  of  tellorona  oxide,  which  B.B.  fuse*  to 
volMhm  globolM.  On  oharoMl  foosa  to  a  black  globule ;  thia  treat«d  in  R.F.  preaeuta  on 
oocdtng  white  dendritio  pointa  of  sUver  on  iu  mrface  ;  vith  aoda  girea  ft  globnle  of  ailrei. 

Oba. — Occnra  in  the  Allai,  iB  Siberift,  in  »  tftlcoae  rock  ;  at  Nagyag  in  Tnn^f  Uania,  and  at 
Batabftnya  in  Hnngarrj  Btaaialau  mine,  CalaTerna  Co.,  Gal;  Bed  Cloud  mine,  Coiorado; 
PrOTinoe  of  Coqaimbo,  Chili. 

PmrrB.—DiiIeTa  from  he««ite  in  that  gold  replaoea  mnoh  of  the  lilTeT.  H.=3'&.  Q.= 
8-1S-8-83,  PeU;  B-9-1,  KOBtel.  Color  between  ateel-giay  and  iron-black,  lomeUmea  with 
panmine  tamiah.  Streak  iron-black.  Brittle.  Analjiaie  b;  Qeoth,  from  Ooiden  Rule  mine, 
Ulnriani  32-06,  mlver  4180,  gold  25  00=10014.  Oocon  at  the  looalitiea  stated  abore,  wit>- 
MhBt  otea  of  tellndnm. 

Tapalpitb  (TellnrwiBmnthBaber)._Compo«ltion  (Bamm.),  Ag,Bi>Te,S(Ag>8+3BiTeX 
Ofunlar,     Coloi  grt^.     Slem  de  lapalpa,  Mezloo. 

AOAN  'i'UlTlL 

OithorhomLie.  7a/=110°54';  <?Al-i  =  124°  42',  Dauber ;  c:l:d 
=  1-4442  :  1-4523  :  1.  (?Al-C  =  135°  10';  (?Al  =  119"  42'.  Twine: 
parallel  to  1-t.  Cryetals  usnall;  sleoder-puinted  prisms.  Cleavage  indis- 
tinct. 

H.=2'5  or  nnder.  G.=7-16-7'33.  Lustre  metallii!.  Color  iron-black 
or  like  argentite.     Fracture  uneven,  giving  a  shining  surface.     Sectile. 

100. 


,  or  like  ftrgaatlte.     Solphni  lS-9,  aQver  87- 
Pyr.^-4ame  aa  for  argentite,  p.  213. 
Oba!— FooMat  JoacMmathftli  ftUo'neai  Freiberg  in  Saxonf. 

OHAIiOOOTTE.    Chaloosine.     Titreona  Copper,     Copper  Glance.     Enpferglani,  Germ. 

Orthorhombic.  /A  /=  119°  35',  Oa  14  =  120°  57';  c  :  3  :  «  =  1-6676  : 
1-7176:1;  t>  A 1  =  117°  24' ;  (9  a  1-i  =  135°52'.  Cleavage: /,  indistinct 
^wioB :  twiuning-plane,  /,  pi-oducing  hexagonal,  or  stellate  foruis  (left  half 


Bristol,  OL  Brlatd,  CL  Bristol,  Ot 

off.  432);  also  |-i,  a  crucifoiin  twin  (£.  432),  crossing  at  angles  of  111" 
and  69° ;  f,  433,  a  cruciform  twin,  having  0  and  /  of  one  crystal  parallel 
respectively  to  i-i  and  0  of  the  other.  Also  massive,  structure  gi-anular, 
or  compact  and  impalpable. 
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lL=2'&-8.  Q.=5'5-5*8.  Lastre  metallic  Color  and  streak  blackiflh 
lead-gray  ;  often  tarnished  blue  or  gi'eou  ;  streak  sometimes  shining.  Frac- 
ture conchoidal. 

Oomp.— OuiS=Staphiir  20*2,  copper  79*8=100. 

PyTf  etc. — Yields  nothing  yolatUe  in  the  dosed  tube.  In  the  open  tabe  gives  off  sulpiimr- 
ous  fumes.  B.B.  on  oharooal  melts  to  a  globnle,  which  boils  with  spirtkig;  withsodiii 
reduced  to  metallic  copper.     Soluble  in  nitric  acid. 

Obs. — Cornwall  affords  splendid  crystals.  The  compact  and  massiTe  Tarieties  oocnria 
Siberia,  Hepse,  Saxony,  the  Bannat,  etc. ;  Mt  Catini  mines  in  Tusoanj^  Mexico,  Pttu, 
Bolivia,  Chili. 

In  the  United  States,  it  has  been  found  at  Bristol,  Conn. ,  in  large  and  brilliant  ciTfltala 
In  Virginia,  in  the  United  States  copper  mine  district.  Orange  Co.  &tween  Newmaiket  and 
Taney  town,  Maryland.  In  Arizona,  near  La  Pas ;  in  N.  W.  Simora.  In  Neyada,  in  Waaboe, 
Humboldt.  Churchill,  and  Nye  Cos. 

Harri8IT£  of  Shepard,  from  Canton  mine,  Qeorgia,  is  ohaloocite  with  the  oioKwrnge  ni 
galenite  (peeudomorphoua,  Genth). 

STROBASTBRTTE,    SUberkupferglana,  Oerm. 

Orthorhombic :  isomorphous  with  ehalcocite.  lA  1=119^  35'.  Also 
massive,  compact. 

Il.=2-5-3.  G.=6-2-6-3.  Lustre  metallic  Color  dark  steel-gray. 
Streak  shining.     Fi*acture  subconchoidal. 

Oomp,— AgCu8=AgaS+Cu,S=:Sulphur  15*7,  silver  58-1,  copper  81-2-=100. 

Fyr^  etc. — Fuses,  but  gives  no  sublimate  in  the  closed  tube.  In  the  open  tube  sulphnioM 
fumes.  B.B.  on  charcoal  in  O.F.  fuses  to  a  semi- malleable  globule,  which,  treated  with  tbe 
fluxes,  reacts  strongly  for  copper,  and  cupelled  with  lesd  gives  a  silver  globule.  Solubls  is 
nitric  acid. 

Obs.— Found  at  Schlangenberg,  in  Siberia ;  at  Rudelstadt,  Silesia ;  also  in  Chili ;  at  Com- 
bavalla  in  Peru  ;  at  Heintzelman  mine  in  Arizona. 
.  Stekkbebgite.  — An  iron-silver  sulphide,  AgFe ^Ss.  Johanngeorgenstadt  and  JoachimsthaL 


{d)  Pyrrhotite  Group,    Hexagonal. 

OINNABAR.    Zinnober,  Qern^ 

Ehombohedral.     i?  A  ^  =  92°  36',  li  A  O  =z  12V  6' ;  c  =  1-1448.    Ac- 
cording to  DesCloizeaiix,  tetartoheditil,  like  quartz. 
4^  Also  granular,  massive ;  sometimes  fonning  8upe^ 

fieial  coatings. 

Cleavage :  /,  very  perfect.  Twins :  twinning- 
plane  O. 

H=2-2*5.  G=8-998,  a  cleavable  variety  from 
Neumarktel.  Lustre  adamantine,  inclining  to  metal- 
lic when  dark-colored,  and  to  dull  in  friable 
varieties.  Color  cochineal-red,  often  inclining  to 
brownish-red  and  lead-gray.  Streak  scarlet,  sub- 
transparent,  opaque,  iracture  subconchoidal,  an* 
even.     Sectile.     JPolarizaticu  circular. 

(or  HgtSt)= Sulphur  18-8,  meronry  86*9=100.  Sometimei  impnze  from  elaj, 
bitumen. 
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Pyr. — ^In  the  doeed  tube  a  bUck  sublimate.  Carefully  heated  in  the  open  tabe  giyes  nnl- 
phuTOiu  fames  and  metallic  meroniy,  oondensing  in  minate  globules  on  the  oold  walls  of  the 
tabe.     B.B.  on  charcoal  wholly  yolatile  if  pure. 

Obs. — Cinnabar  ocours  in  beds  in  slate  rocks  and  shales,  and  rarely  in  granite  or  porphyry. 
It  has  been  observed  in  Teins,  with  ores  of  iron.  The  most  important  European  beds  of  this 
ore  are  at  Aimaden  in  Spain,  and  at  Idria  in  Camiola.  It  occurs  at  Beiohenau  and  Windisch 
Kappel  in  Carinthia;  in  Tran^lyania;  at  Ripa  in  Tuscany;  at  Sohemnitz  in  Hungary;  in 
the  Urals  and  Altai ;  in  China  abundantly,  and  in  Japan  ;  San  Onofre  and  elsewhere  in  Mexico ; 
in  Southern  Peru ;  forming  extensiye  mines  in  California,  in  the  coast  ranges  the  principal 
mines  are  at  New  Aimaden  and  the  vicinity,  in  Santa  Clara  Co.  Also  in  Idaho,  in  limestone, 
abundant. 

This  ore  is  the 'source  of  the  mercury  of  commerce,  from  which  it  is  obtained  by  sublima* 
tion.     When  pure  it  is  identical  with  the  manufactured  vermUion  of  commerce. 

MKTACmNABARiTR  {Moore). — A  black  mercury  sulphide  (HgS).  Barely  crystallized. 
H.=:3.     G.=7'75.     Lustre  metallic.     Redington  mine,  Lake  Co.,  Cal. 

OUADALCAZARITB. — Essentially  HgS,  with  part  (:/.f)  of  the  sulphur  replaced  by  selenium, 
and  part  of  the  mercury  replaced  by  zinc  (Hg :  Zn=6 : 1,  Petersen ;  r=12  : 1,  Ramm.).  Massive. 
Color  deep  black.  Guadaloasar,  Mexico.  Lktiolianitb  is  a  ferruginous  variety  from 
Levigliani,  Italy. 


affTTiLBRTTR    Capillary  Pyrites.    Haarkies ;  Nickelkies,  Oerm. 

Khombohedral.  IiMi=i  144^  8',  Miller,  c  =  0-32956.  C>  A  jB  =  159°  10'. 

Cleavage :  rhombohedral,  perfect.  Usual  in  cauillary  crystals.  Also  in 
columnar  tufted  coatings,  partly  semi-globular  ana  radiatea. 

H.=3-3*5.  G.=4*6-5-65.  Lustre  metallic.  Color  brass-yellow,  inclin- 
ing to  bronze-yellow,  with  often  a  gray  iridescent  tarnislu  Streak  bright 
Brittle. 

Oomp.— NiS=Snlphur  35  6,  nickel  64  •4=100. 

Pyr.,  etc. — In  the  open  tube  aolphnrous  fumes.  B.  B.  on  charcoal  fuses  to  a  globule.  When 
("tasted,  gives  with  borax  and  salt  of  phosphorus  a  violet  bead  in  O.  F. ,  becoming  gpray  in  R.  F. 
bom  reduced  metallic  nickeL  On  charcoal  in  R.  F.  the  roasted  mineral  gpives  a  coherent 
t^etallio  mass,  attractable  by  the  magnet.     Soluble  in  nitric  acid. 

Obs. — Found  at  Joadhimsthal ;  Pmbram;  Bieohelsdorf ;  Andreasberg;  several  localities 
In  Saxony ;  Cornwall. 

Oocurs  at  the  Sterling  mine,  Antwerp,  N.  Y,  ;  in  Lancaster  Co.,  Pa.,  at  the  Gap  mine; 
^rith  dolomite,  and  penetrating  calcite  crystals,  in  cavities  in  limestone,  at  St.  Louis,  Mo. 

BKTRicmTE  (ZkjJtf).— Formula  Ni4S7= Sulphur  43-6,  nickel  56-4=100.  Color  lead-gray. 
Oocurs  in  radiated  groups  with  mUlerite  in  the  Westerwald. 


^. 


PTRRHOnTB.    Magnetic  Pyrites.     Magnetkies,  Oerm, 

Hexagonal.     Oa1  =  136°  8' ;    c  =  0-S62.     Twins :  twinning-plane   I 
(f.  435).  Cleavage :  O,  perfect ;  I,  less  so.  Commonly 
tnassive  and  amorphous;  structure  granular. 

H.=3-5-4:-5.  U.=4-4-4-68.  Lustre  metallic. 
Color  between  bronze-yellow  and  copper-red,  and 
subject  to  speedy  tarnish.  Streak  dark  grayish- 
black.  Brittle.  Magnetic,  being  attractable  in 
fine  powder  by  a  magnet,  even  when  not  affecting 
an  orainary  needle. 

Oomp*— (1)  Mostly  Fe,S,=8nlphnr  89-5,  iron  60-5=100:  but  varying  to  Pe«89.Pe.8,o  and 
FeijSi  1.     Some  varieties  contain  3-6  p.  c.  nickeL     HarbcuihUs  contains  (Wagner)  1 2  p.  c.  Ni. 
Pyr.,  •tc.--»ITnchanged  in  the  closed  tube.    In  the  open  tube  gives  sulphurous  oidde.    Ob 
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charcoal  in  B.F.  tuBes  to  a  Uack  magnetic  man ;  in  O.F.  ia  oonTorted  into  iroo  aeaqidniide, 
which  with  floxcB  giyoa  only  an  iron  reaction  when  pnre,  bnt  manjr  Tariatiea  ;^^  bbbU 
amounts  of  nickel  and  cobalt.  Decomposed  by  mnriatic  acid,  with  erolntioii  of  aalplniMtM 
hydrw^en. 

Di£ — DistinguiBhed  by  its  magnetic  character,  and  by  its  bronze  color  on  the  f reah  fmctoxe. 

Obs. — Occurs  in  Norway ;  in  Sweden ;  at  Andreasberg ;  Bodenmaiain  Bayaxia ;  N.  Tagilik; 
in  Spain ;  the  lavas  of  Vesuyins ;  ComwalL 

In  N.  America,  in  Vermont,  at  Stafford.  Corinth,  and  Shrowsbuxy ;  in  manj  parts  ol 
Masuachusetts ;  in  Connecticut,  in  Trumbull,  in  Monroe  ;  in  N.  York,  near  Natural  Bridge 
in  Diana,  Lewis  Co.  ;  at  O^Neil  mine  and  elsewhero  in  Orange  Ca  In  N.  Jersey,  Morris  Co^ 
at  Hurdstown.  In  Pennsylvania,  at  the  Gap  mine,  Lancaster  Co.,  niccoliferons.  In  Tcnnea- 
see,  at  Ducktown  mines.     In  Canada,  at  St  Jerome ;  Elisabethtown,  Ontario  (f .  435),  etc 

The  niocolif erous  pyrrhotite  is  the  ore  that  affords  the  most  of  the  nickel  of  oommeroe. 

Troilitb. — According  to  the  latest  investigations  of  J.  Lawrence  Smith,  compoaitUA 
FeS,  iron  proto-sulphide  ;  that  is,  iron  63*6,  sulphur  36*4=100.  Occurs  only  in  iron  mete<»- 
ites.  Daubrkelite  (Smith).  —Composition  CrS.  Observed  in  the  meteoric  iron  of  Northetn 
Mexico ;  occurring  on  the  borders  of  troilite  nodules.  Similar  to  ihepardUe^  Haidingcr 
{=:Mhreibersite,  Shepard),  described  by  Shepard  (1840)  as  occurring  in  the  Bishopville,  8.  C, 
meteoric  iron. 

SCHREIBERSITB  also  solcly  a  meteoric  mineral     Contains  iron,  nickel,  and  phoaphoroa 

WuRTZiTE  (Spiauterite). — ZnS,  like  sphalerite,  but  hexagonal  in  crystalliaation.    Bolifia. 


ORBBNOOKITB. 

Hexagonal:  hemiraorphic.  (? A 1  =  136°  24' ;  i  =  0-8247.  Cleavage: 
/,  diBtinct ;  Oj  imperfect. 

H.=3-3'5.  G.=4-8-4-999.  Lnstre  adamantine.  Color  honey-yellow; 
citron-yellow ;  orange-yellow — veined  parallel  with  the  axis ;  brouze- 
ycUow.  Streak-powder  between  orange-yellow  and  brick- red.  Nearly 
transparent.     Strong  double  refi-action.    Jiot  thermoelectric,  Breithaiipt 

Oomp«~CdS  (or  Cd,S,)= Sulphur  22-2,  cadium  77*8. 

Pyr.,  etc. — In  the  closed  tube  assumes  a  carmine-red  color  while  hot,  fading  to  the  originaJ 
yellow  on  cooling.  In  the  open  tube  gives  sulphurous  oxide.  B.B.  on  charcoal,  either  aJons 
or  with  soda,  gives  in  B.F.  a  reddish-brown  coating.  Soluble  in  hydrochloric  aoid,  evolving 
sulphuretted  hydrogen. 

Obs.— Occurs  at  Bishoptown,  in  Benfrewshire,  Scotland;  also  at  Pndbram  in  Bohemia ^ 
on  sphalerite  at  the  Ueberoth  zinc  mine,  near  Friedensville.  Lehigh  Co.,  Pa. ,  and  at  Qntlbj^ 
Ma 


MIOOOLITB.    Copper  NickeL    Kupfemickel,  Bothnickelkies,  Germ, 

Hexagonal.     0M  =  13°6  35' ;  6:  0-81944.     Usnally  massive,  struetnj 
nearly  impalpable ;  also  reniform  with  a  columnar  structure;  also  reticu--^"  > 
lated  and  arboi-escent. 

Il.=5-5'5.    G.=7-33-7-671.    Lnstre  metallic.    Color  pale  copper-red    ^B, 
with  a  gray  to  blackish  tarnish.     Streak  pale  brownish-black.     Opaque^      -• 
Fracture  uneven.    Brittle. 


riAs  (or  NitABt)=:=ArBenio  66*4,  nickel  48-6=100;  Bometimei  part  of  the 
t^  awtiinoDy. 
k— In  the  oloaed  tube  a  faint  white  ciystalline  sublimate  of  arsenoos  oxide.  In  th^ 
BMnona  oside,  with  a  trace  of  sulphurous  oxide,  the  assay  becoming  yeUowislB- 
iMooal  gives  arsenical  fumes  and  fuses  to  a  globule,  which,  treated  with  bonx 
'*'*'  "Tinowiive  oxidation,  reactions  for  iroo,  cobalt,  and  nidceL     SolaUe  ixt 

I  bgr  its  oolor  from  other  similar  sulphides,  as  alao  bj  its  pyrognoelka 
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Obs. — Oooon  M  MTBnl  Smxon  lainea,  alio  In  Tharingik,  Hane,  and  StTiia,  ftnd  at  Alt»- 
nont  in  DanpUny ;  ocoaMonallj  in  Cornwall ;  Ohili ;  abondBut  at  Mina  da  la  Hioja,  In  Uii 
Atg«atiiie  ProTineeai.     Foond  at  Ohatham,  Ooua.,  In  gneira,  anooiated  with  tmaltite. 

BRBrrHAUPTETK.— Oompoeitioa  Ki8b=Andman7  07-9,  nickel  83^—100.  Color  Ught 
oopp^^'^Bd.    Andreaaberg. 

Akitb.— An  antimosUarou  nioooUt«,  oontainlng  88  p.  o.  Bb.    BawBO-FyraE^M ;  Wfdtaoh, 


a   DEUTO    OB    PYRITE    DIVISION." 
(o)  Pyrite  Oroup. 


Iron  Fyritea.     SahwefeUdea,  Giaenkles,  Ogrm.  (_ 

Isometric ;  pyritohedral.  The  cube  the  moat  cointnon  form ;  the  pyrJto- 
hedron,  f.  93,  p.  23,  and  related  forme,  f,  94,  95,  96,  also  veir  common. 
See  also  f.  103,  104, 105,  p.  24,  Cubic  faces  often  striated,  with  striatione 
of  adjoining  faces  at  right  angles,  and  due  to  oscillatory  combination  of  tha 
tube  and  pyritohedron,  the  atrise  having  the  direction  of  the  edges  between 
0  and  i-2.  CryBtale  sometiniea  aelcnlar  through  elongation  of  cubic  and 
other  forms.  CleaTage :  cubic  and  octahedral,  more  or  less  distinct  Twins: 
twining-plane  7,  f.  276,  p.  93.  Also  reniform,  globular,  stalactitic,  with  a 
crystalline  surface;  sometimea  radiated  enbfibrons.    Massive. 


H.=6-6*5.  G.=:4-83-5-2.  Lnstre  metallic,  splendent  to  glistening. 
Oilor  a  ^le  brase-yellcw,  nearly  nnifbrm.  Streak  greenish  or  brownisn- 
^lack.  Opaque.  Fracture  conchoidf^,  imoveii.  Brittle.  Strikes  fire  with 
•tee). 

ODBp^V«r^Pe8,=  BiiIpharS3'8.  iron  46-7=100.  Nickel,  ooMt.  and  thalUinii,  and  also 
ooppw,  aometimce  replace  a  little  ot  the  iron,  or  elie  occur  aa  mixtures ;  and  gold  la  aome- 
UnkM  pieaent,  diatributed  InTidblf  through  it. 

PTt.,  eto. — in  tbe  oloeed  tube  a  aaMimate  of  anlphnr  and  a  magnetio  resfdaa.  B.B>  en 
dHnoal  givea  off  au^hiu,  burning  with  a  bhie  flame,  leaving  a  reddns  which  raaota  like 
pjnhotlte.     Inaolnble  in  hTdrodilorio  acid,  bat  deoompoeed  hj  nitric  add. 

DiC — IKllingaiihed  flom  <dut)aopjrite  tqr  it*  greater  hardneM,  ainoe  it  cannot  be  cat  with 
kknUa;  aa  alao  t?  iu  pale  ootor ;  from  maieawte  by  ita  apedfio  gmTitj  and  ooloi.  Not 
■alla^  Uka  gold 

Ota^-^rite  oconn  abondantl;  in  rook*  of  aB  agM,  from  the  oUeet  mTatalUna  mOm  to  tbe 


^ 
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most  reoent  alluTial  deposits.  It  osaally  ooctixb  in  small  cabes,  also  in  iiregnkr  spheroidal 
nodules  and  in  yeins,  in  clay  slate,  argillaceous  sandstones,  the  coal  formation,  etc.  The 
Cornwall  mines,  Alston-Moor,  Derbyshire,  Fahlun  in  Sweden,  Kongsberg  in  Norway,  Elba, 
Traversella  in  Piedmont,  Peru,  are  well -known  localities. 

Occurs  in  New  England  at  many  places :  as  the  Vernon  slate  quarries ;  Boxbury,  Conn.,  etc. 
In  N.  York^  at  Bossie,  at  Schoharie;  in  Orange  Co.,  at  Warwick  and  Deerpark,  and  many 
other  places.  In  Pennsylvania^  at  Little  Britain,  Lancaster  Co.  ;  at  Chester,  Delaware  Co. ; 
in  Carbon,  York,  and  Chester  Cos. ;  at  Cornwall,  Lebanon  Co.,  etc.  In  Wkeonnn^  near 
Mineral  Point.  In  N.  Car.^  near  Green8boro\  Guilford  Co.  Auriferous  pyrite  is  common  at 
the  mines  of  Colorado,  and  many  of  those  of  California,  as  well  as  in  Virginia  and  the  States 
south. 

This  species  affords  a  considerable  part  of  the  iron  sulphate  and  sulphuric  acid  of  commerce, 
and  also  much  of  the  sulphur  and  alum.  The  auriferous  yariety  is  worked  for  gold  in  many 
gold  regions. 

The  name  pyrite  is  derived  from  irnp,  fire,  and  alludes  to  the  sparks  from  friction. 

Hauertte. — Composition  MnSt=  Sulphur  68*7,  manganese  ^'3=100.  Isometric.  Color 
xeddish-brown.     Kalinka,  Hungaiy. 


y~ 


OHAIiOOFVMiTJU,    Copper  Pyrites.    Kupfeikies,  Oerm. 


Tetragonal ;  tetrahedral.  O  A 14  =  185°  25';  c  =  0-98556 ;  6^  A 1  =  125^ 
40' ;  1  A 1,  pyr.,  =  109°  53' ;  1  A 1  (f.  440)  =  71°  20'  and  70°  T.  Cleav- 
age: 2-i  sometimes  distinct;  Oj  indistinct.  Twins:  twinning-plane  1-i; 
the  plane  1  (see  p.  94).     Often  massive. 
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H.=3*5-4.  G.=4'l-4*3.  Lnstre  metallic.  G)lor  brass-yellow ;  subject 
to  tarnish,  and  often  iridescent.  Streak  greenish-black — a  little  shining. 
Opaque.     Fracture  conchoidal,  uneven. 

Oomp.--CuFeS9= Sulphur  34*9,  copper  84*6,  iron  80 '5  =z  100.  Some  analyses  give  other 
proportions ;  bub  probably  from  mixture  with  pyrite.  There  are  indefioite  mixtures  of  the 
two,  and  with  the  increase  of  the  latter  the  color  becomes  paler. 

This  species,  although  tetragonal,  is  very  closely  isomorphous  with  pyrite,  the  Tariation 
from  the  cubic  form  being  slight,  the  yeriical  axis  being  0*98556  instead  of  1. 

Traces  of  selenium  have  been  noticed  by  Kersten  in  an  ore  from  Reinsberg  near  Freiberg. 
Thallium  is  also  present  in  some  kinds,  and  more  frequently  in  tbis  ore  than  in  pyrite. 

Pyr.,  etc. — In  the  closed  tube  decrepitates,  and  g^ves  a  sulphur  sublimate ;  in  the  open 
tube  sulphurous  oxide.     B.B.  on  charcoal  g^ves  sulphur  fumes  and  fuses  to  a  magnetic  glo 
bule.     The  roasted  ore  reacts  for  copper  and  iron  with  the  fluxes ;  with  soda  on  charcoal 
gives  a  globule  of  metallic  iron  with  copper.     Dissolves  in  nitrio  acid,  excepting  the  sulphur, 
and  forms  a  green  solution  ;  ammonia  in  excess  changes  the  green  oolor  to  a  deep  blue. 

Di£f. — Distinguished  from  pyrite  by  its  inferior  hardness,  it  can  be  easily  scratched  with 
the  knife ;  and  by  its  deeper  color.  Not  malleable  like  gold,  from  which  it  differs  also  in 
being  decomposed  by  nitrio  aoid. 
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•Chaloopjrite  is  the  principal  ore  of  nopper  at  the  Cornwall  mines.    Ocean  at  Frei- 

the  Baimat ;  Hnngury ;  and  Thnringia ;  in  Scotland  ;  in  Tuscany ;  in  Sonth  Australia; 

ystals  at  Gerro  Blanco,  Chili 

inon  mineral  in  America,  some  localities  are :  Stafford,  Y t.  ;  Rossie,  EUenville,  K.  Y. ; 

Llle,  eta ,  Penn.     The  mines  in  North  Carolina  and  eastern  Tennessee  afford  large 

la    Occnis  in  Cai. ,  in  different  mines  along  a  belt  between  Mariposa  Co.  and  Del  Norte 

rest  side  of,  and  parallel  to,  the  chief  gold  belt ;  occurring  massive  in  Calaveras  Co.; 

K)sa  Co.,  etc.     In  Ganaday  in  Perth  and  near  Sherbrooke;  extensively  mined  at 

ines,  on  Lake  Huron. 

i  from  xo'^'^^  brass^  and  pyrUes^  by  Henckel,  who  observes  in  his  Pyritology  (1725) 

loopyrite  is  a  good  distinctive  name  for  the  ore. 

<ITK  is  CuFe«S4,  or  CuFe«Ss  (Scheidhauer). — Occurs  massive  at  Barracanao,  Cuba; 

g,  Sweden. 

HARDTITE,  from  North  Carolina. — Composition  uncertain,  perhaps  Cu^FcaSi.  It  may 

f  altered  from  chalcopyrite. 

7ITE  (Zinnkles,  Oerm.). — A  sulphide  containing  26  p.  o.  tin ;  also  copper,  iron,  and 

[assive.     Color  steel-gray.     Chiefly  from  Cornwall,  also  Ziunwald. 


UNNJETTB.    Kobaltnickelkies,  O0rm. 

letric.     Cleavage:  cubic,  imperfect.     Twins:   twinning-plane  octa- 

Also  massive,  granular  to  compact. 
6"5.     G.=4-8-5.    Lustre  metallic.     Color  pale  steel-gray,  tarnishing 
•red.     Streak  blac^kish-gray.     Fracture  uneven  or  subconchoidal. 

.— C09S4  (or  2CoS+Co8«)=Sulphur  420,  cobalt  580=100;  but  having  the  cobalt 
pitfUy  by  nickel  or  oopper,  the  proportions  varying  very  much.     The  MUsen  ore 
f)  contains  80-40  p.  c.  of  nickeL 

etc — The  variety  from  Musen  gives,  in  the  closed  tube,  a  sulphur  sublimate  ;  in  the 
le,  sulphurous  fumes,  with  a  faint  sublimate  of  arsenous  oxide.  B.B.  on  charcoal 
enical  and  sulphurous  odors,  and  fuses  to  a  magnetic  globule.  The  roasted  mineral 
ih  the  fluxes  reactions  for  nickel,  cobalt,  and  iron.  Soluble  in  nitric  acid,  with  separa- 
alphur. 

•Distinguished  by  its  color,  and  isometric  crystallization. 

•In  gneips,  at  Bastnaes,  Sweden;  at  Miisen,  near  Siegen,  in  Prussia;  at  Siegen 
?),  in  octahedrons ;  at  Mine  la  Motte,  in  Missouri,  mostly  massive,  also  orystaUine  *. 
ineral  HiU,  in  Ma]7land. 


SMALTrm.    Speiskobalt,  Oerm. 

letric.  Cleavage :  octahedral,  distinct ;  cubic,  in  traces.  Also  mas- 
d  in  reticulated  and  other  imitative  shapes. 

6'5-6.  G. = 6*4  to  7*2.  Lustre  metallic.  Color  tin-white,  inclining, 
aassive,  to  steel-gray,  sometimes  iridescent,  or  grayish  from  tamisn. 
grayish-black.     Fracture  granular  and  uneven,     brittle. 

.,  Var. — For  typical  kind  (Go,Fe,Ni)As9=  (if  &o,  Fe,  amd  Ni  be  present  in  equal 
raenic  72*1,  cobalt  9*4,  nickel  9*5,  iron  9*0=100.     It  is  probable  that  nickel  is  never 
bMnt,  although  not  detected  in  some  of  the  earlier  analyses  ;  and  in  some  kinds  it  is 
sipa]  metal.     The  proportions  of  cobalt,  nickel,  and  iron  vary  much. 
)Uowing  analyses  will  serve  as  examples  of  the  different  varieties  : 

Ou 

1*39  S  0-66,  Bi  0*01  =99*88  Hofmana 

S  2*29=98-93  Rammelsberg. 

8  2*11=100. 

S  0*85=99*63  Karstedt 


As 

Co 

Ni 

Fe 

Mbexg                 70*37 

13-95 

1-79 

11-71 

iimt{MoanthUe)l\n 

18-71 

6*82 

ehidorf                 60*42 

10-80 

25-87 

0-80 

Mberg                  74  80 

8*79 

12*86 

7-38 
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P3rr^  eto« — ^In  the  dose  tabe  glvw  a  sablimate  of  metallio  anenio ;  in  the  open  tnbe  a 
white  sublimate  of  anenous  oxide,  and  sometimea  traoes  of  Bolphnroiia  oxide.  B.B.  on  chac- 
coal  gives  an  arsenical  odor,  and  fuses  to  a  globule,  which,  treated  with  snooeaaiTe  pontioM 
of  borax-glass,  affords  reactious  for  iron,  cobalt,  and  nickfL 

Obs. — Usually  oocnrs  in  veins,  aooompanying  ores  of  cobalt  or  nickel»  and  ores  of  lilirai 
and  copper ;  also,  in  some  instanoes,  with  niooolite  and  azaenopyrite ;  often  having  a  otrnMng 
of  aunabergite. 

Occurs  at  Schneeberg,  eta,  in  Saxony ;  at  Joachimsthal ;  also  at  Wheal  Spamon  in  Ckita* 
wall ;  at  Riechelsdorf  in  Hesse ;  at  Tunaberg  in  Sweden ;  AUemont  in  Danphind.  Alas  in 
oiystals  at  Mine  La  Motte«  Missouri.  At  Chatham,  Conn.,  the  chloantiiiite  {diathamUe)  ooonn 
in  mica  slate,  associated  generally  with  arsenopyrite  and  sometimes  with  niooolite. 

SrATHioPYRiTE  is  olosely  allied  to  smaltite,  with  which  it  occurs  at  Bieber  in  Heasen. 

Skuttbrudite  (Tesseralkies,  (?tfrm.).—CoAss=Ar8enic  79*2,  cobalt  20*8=100.  Isometria 
Bkntterud,  Norway. 


OOBAZiTITB.    Glance  Cobalt    Kobaltglanz,  Oerm. 

Isometric ;  pyritohedral.  Commonly  in  pyritohedrons  (f.  92,  95,  etc, 
p.  23).  Cleavage :  cubic,  perfect,  tlanes.  O  striated.  Also  massive, 
granular  or  compact. 

H.=5'5.  G.=6-6'3.  Lustre  metallic.  Color  silver-white,  inclined  to 
red  ;  also  steel-gray,  with  a  violet  tinge,  or  grayish-black  when  containing 
much  iron.     Streak  grayish-black.     Fracture  uneven  and  lamellar.    Brittle. 

Oomp.,  Var.— CoAsS  (or  CoS,+CoAs;)= Sulphur  19*3,  arseoio  45*2,  cobalt  85*5=100.  The 
oobalt  is  sometimes  largely  replaced  bj  iron,  and  sparingly  by  copper. 

Pyr.,  etc. — Unaltered  in  the  dosed  tube.  In  tiie  open  tube,  giyes  milphnrofoa  famea  and 
a  ciystoUine  sublimate  of  arsenous  oxide.  B.B.  on  charcoal  giTos  off  snlphor  and  ^——a^^ 
and  fuses  to  a  magnetic  globule  ;  with  borax  a  cobalt-blue  color.  Soluble  in  wann  nitrio  aeid, 
aeparating  arsenous  oxide  and  sulphur. 

Diffi— Distinguished  by  its  reddish- white  color;  also  by  its  pyritohedral  form. 

Obs. — Occurs  at  Tunaberg,  Hokansbo,  in  Sweden  ;  also  at  Skuttemd  in  Norway.  OUmi 
localities  are  at  Querbach  in  Silesia,  Siegen  in  Westphalia,  and  Botallack  mine,  in  ComwaD. 
The  most  productive  mines  are  those  of  Vena  in  Sweden. 

This  species  and  smaltite  afford  the  greater  part  of  the  smalt  of  oommeroe.     It  it 
employed  in  porcelain  painting. 


GBRSDORFFITXL    Nlckelarsenikkies,  Arseniknidkelglanx,  Oerm, 

Isometric  ;  pyritohedral.  Cleavage :  cubic,  rather  perfect  Also  lamel- 
lar and  granular  massive. 

II.=5*5.  G.=5.6-6'9.  Lustre  metallic.  Color  silver-white — steel- 
gi*ay,  often  tamished  gray  or  grayish-black.  Streak  grayish-black.  Frac- 
ture uneven. 

Comp.,  Var.— Normal,  NlAsS  (or  KiSi+NiAs^)— Arsenic  45*5,  sulphur  10*4,  nickel  83i=: 
100.     The  composition  varies  in  atomic  proportions  rather  widely. 

Pjrr.,  etc. — In  the  closed  tube  decrepitates,  and  gives  a  yeUowish-biown  sublimate  of 
arsenic  sulphide.  In  the  open  tube  yields  sulphurous  fumes,  and  a  white  mblimate  of  axaen- 
ous  oxide.  B.B.  on  charcoal  gives  sulphurous  and  garUc  odors  and  fuses  to  a  globule,  whkh, 
with  borax-glnHS,  gives  at  first  an  iron  reaction,  and,  by  treatment  with  fresh  portions  of  ths 
flux,  cobalt  and  nickel  are  successively  oxidized. 

Decomposed  by  nitric  acid,  forming  a  green  solution,  with  separation  of  sulphur  and  aiMB- 
ous  oxide. 

Obs.— Occurs  at  Loos  in  Sweden ;  in  the  Ears  :  at  Schladming  In  Styria;  Kamadoif  hi 
Lower  Thuringia ;  Haueisen,  Voigtland ;  near  Ems.  Alao  f onnd  aa  an  inomatatioa  al 
FhenixviUe,  Pa. 


Ik 
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Xri.iJfAKNiTE.— NiSbS  (Ni8,+NiSb,)= Antimony  572,  Bulphur  151,  nickel  27-7=100. 
Ckinerally  contains  also  some  arsenic.     Color  steel-gray.     Siegen,  Harzgerode,  eta 

CoRTNiTB. — Ni(As,8b)S,  but  the  arsenic  (38  p.  a)  in  excess  of  the  antimony.  Olsa,  Corin- 
tiiia^  WoLPACiiiTB  (Petersen),  from  Wolfaoh,  Baden,  is  similar  in  composition,  but  is 
orthorhombic  in  form. 

Lauritb.— An  oeminm-ratheniam  snlphide.  Analysis  (Wohler)  Solphnr  81*79  [Osmioa 
8*03],  Ruthenium  65.18=100.  Occurs  in  minute  octahedrons  from  the  platinum-washings 
of  Borneo ;  as  also  those  in  Oregon. 


(J)  Marcasite  Oroup.    Orthorhombic 


lSAROA8XTB«    White  Iron  Pyrites.    Strahlkies,  etc.,  Oerm. 

Orthorhombic.     I^  /=  106°  5',  ^  A  l-i  =  122^  26',  Miller ;  c  :  ?  :  ci  = 
1-5737  :  1-3287  :  1.     O  A 1  =  116°  55' ;  O  A  1-i 
=  130°  10'.     Cleavage:  /rather  perfect;  1-i  443 

in  traces.  Twins :  twinninjg-plane  7,  sometimes 
consisting  of  five  individuals  (see  f .  308,  p.  98) ; 
also  1-i.  Also  globular,  reniform,  ana  other 
imitative  shapes — structure  straight  columnar ; 
often  massive,  columnar,  or  granular. 

n.=6-6  5.  Q.=4-678-4-847.  Lustre  metallic.  Color  pale  bronze-yel- 
low, sometimes  inclined  to  creen  or  gray.  Streak  grayish-  or  bi'ownish- 
black.    Fracture  uneven.    &ittle. 

Comp.,  Var.— FeSs,  like  pjrite= Sulphur  53*8,  iron  46 '7=100. 

The  varieties  that  have  been  recognized  depend  mainly  on  state  Of  orystallisation ;  as  the 
Radiated  {StroMkies) :  Radiated ;  also  the  simple  crystals.  Cockscomb  {KammkieH) :  Aggre- 
gations of  flattened  crystals  into  crest-like  forms.  Spear  {Speerkiee) :  Twin  crystals,  with 
reentering  angles  a  litUe  like  the  head  of  a  spear  in  form.  Capillary  {Uaarkiee) :  In  capil- 
lary ciystallizations,  etc. 

Fyr. — Like  pyrite.     Very  liable  to  decomposition ;  more  so  than  pyrite. 

JASL — Distinguished  from  pyrite  by  its  paler  color,  especially  marked  on  a  fresh  surface  ; 
by  its  tendency  to  tarnish ;  by  its  inferior  specific  gnivity. 

Oba. — Occurs  near  Carlsbad  in  Bohemia ;  at  Joachimsthal,  and  in  several  parts  of  Saxony  ; 
in  Derbyshire ;  near  Alston  Moor  in  Cumberland ;  near  Tavistock  in  Devonshire,  and  in 
OomwalL 

At  Warwick,  N.  Y.  Massive  fibrous  varieties  abound  throughout  the  mica  slate  of  New 
Bngland,  particularly  at  Cummington,  Mass.  Occurs  at  Lane's  mine,  in  Monroe,  Conn.  ;  in 
Trumbull ;  at  East  Haddam ;  at  Haverhill,  N.  H.  ;  Ghilena,  HL,  in  stalactites.  In  Canada  in 
Neebing. 

Marcasite  is  employed  in  the  manufacture  of  sulphur,  sulphuric  acid,  and  iron  sulphate, 
though  leas  frequently  than  pyrite. 


/ 


ARSBNOFTRTTB,  or  MISPICEEL.    Arsenical  "^yiAieB,    Arsenikkies,  Germ. 


Ortliorhombic.  /  A  /=  111^  53',  (?  A 14  =  119°  37' :  iil\d  =  1-7588  : 
1-4793  : 1.  0^  1  =  115^  12',  (?  A  l-«  =  130°  4'.  Cleavage :  /  rather 
-dii^tinct ;  O,  faint  traces.  Twins :  twinning-plane  /,  and  1  i.  Also  colum- 
nar, straight  and  divergent ;  granular,  or  compact. 

IL=5-5-6.  G.=60-6-4 :  6-269,  Fran&nia,  Kenngott  Lustre  metallic. 
15 
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DBSOBIFTTVE  lONERALOaT. 


Color  Bilver-white,  inclining  to  steel-gray.   Streak  dark  grajish-black.    Frae 
ture  uneven.    Brittle. 
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Franoonia,  N.  H.  Franconiaf  N.  H.,  and  Kent,  K.  Y. 


Danaite. 


Oomp.,  Var.— FeAsS=FeSjH-FeA8a=Ar8enio  46-0.  snlphur  19-6,  iron  84 •4=100.  Part  of 
the  iron  sometimee  replaced  bj  cobalt ;  a  little  nickel,  bismuth^  or  silver  are  also  oooasionally 
present.  The  cobaltic  variety,  called  danaite  (after  J.  Freeman  Dana),  contains  4-10  p.  o.  of 
cobalt. 

P3rr.,  etc. — In  the  closed  tube  at  first  gives  a  red  sublimate  of  arsenic  sulphide,  then  a 
black  lustrous  sublimate  of  metallic  arsenic.  In  the  open  tube  gives  sulphurous  fumes  and  a 
white  sublimate  of  arsenous  oxide.  B.B.  on  charcoal  gives  the  odor  of  arsenic.  The  varieties 
containing  cobalt  give  a  blue  color  with  borax-glass  when  fused  in  O.F.  with  successive  por- 
tions of  tiux  until  all  the  iron  is  oxidized.  Gives  fire  with  steel,  emitting  an  alliaceous  odor. 
Decomposed  by  nitric  acid  with  separation  of  arsenous  oxide  and  sulphur. 

Di£f. — Distinguished  by  its  form  from  smaltite.  Leucopjrrite  (lolling^te)  do  not  give 
decided  sulphur  reactions. 

Obs. — Found  principally  in  crystalline  rocks,  and  its  usual  mineral  associates  are  ores  of 
silver,  lead,  and  tin  ;  pyrite,  chalcopyrite,  and  spalerite.     Occurs  also  in  serpentine. 

Abundant  at  Freiberg ;  at  Reichenstein  in  Silesia ;  at  Schladming ;  Andreasbeig ;  Joachims- 
thai ;  at  Tanaberg  in  Sweden ;  at  Skutterud  in  Norway ;  in  Cornwall ;  in  Devonshire  at  the 
Tamar  mines. 

In  J^ew  Uampshire^  in  gneiss,  at  Franconia  {danaite) ;  also  at  Jackson  and  at  Haverhill. 
InMaine^  at  Blue  Hill,  Corinna,  etc.  In  Vermont^  at  Brookfield,  Waterbury,  and  Stockbridge. 
In  Mass,y  at  Worcester  and  Sterling.  In  Conn.^  at  Monroe,  at  Mine  Hill,  Roxbury.  In  iiev> 
Jcnsepy  at  Franklin.  In  N.York^  massive,  in  Lewis,  Essex  Co.,  near  Edenville,  and  else- 
where in  Orange  Co. ;  in  Carmel ;  in  Kent,  Patnam  Co.  In  CaUfomia,  Nevada  Co. ,  Grass 
valley.  In  S.  America,  in  Bolivia ;  also,  niccoliferous  var.,  between  La  Pas  and  Yungas  in 
Bolivia  (anal,  by  Krceber). 

LoLLiNOiTE  is  FeAss  (=Arsenic  728,  iron  27-2),  and  Lbucopybite  is  FesAsi  (=Arsenio 
06'8,  iron  33*2).  They  are  both  like  arscBopyrite  in  form.  Found,  the  former  at  Lolling ; 
Schladming ;  Siitersberg,  near  Fossum,  Norway ;  the  latter  at  Heichenstein ;  Geyer  (geyerite) 
near  HUttenberg,  Carinthia. 

GiiAUCODOT  (Go,Fe)S,H-(Co,Fe)A8,,  with  Co  :  Fe=2  :  1= Sulphur  19*4,  arsenic  45 -5,  cobalt 
28 '8,. iron  11*3=100.     Form  like  arsenopyrite.     Huasco,  Chili ;    HakansbO,  Sweden. 

Alloglasite  B4(As,Bi)7Se,  with  R=Bi,Co,Ni,Fe,Zn.     Orawitza,  Hungary. 


8TLVANITEI.    Graphic  Tellurium.     Schrifterz,  Schrift-Tellur,  Oerm, 

^  Moiioclinie.  C  =  55^  21  J',  /A /=  94^  26',  O A 14  =  121°  21' ;  cih: 
a  =  1'7732  :  0-889  :  1,  Kokscharof.  Cleavage:  i-i  distinct.  Also  massive; 
imperfectly  columnar  to  granular. 

H.=l*5-2.     G.=7'99-8-33.   Lustre  metallic.   Streak  and  color  pure  steel- 
gray  to  silver-white,  and  sometimes  nearly  brass-yellow.     Fracture  uneven. 

Oomp.,  Var^Ag,Au)Tet=(if  Ag  :  A»=l  :  1)  TeUurium  55  8,  gold  285,  silver  15 -TrrlOa 
Antimony  sometimea  replaces  part  of  the  toUurium,  and  lead  part  of  the  other  metals. 
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Pyr^  eio. — ^In  the  open  tabe  gives  a  white  sublimate  which  near  the  assay  is  gray ;  when 
tnated  with  the  blowpipe  flame  the  sublimate  fuses  to  clear  transparent  drops.  B.B.  on 
charcoal  fuses  to  a  dark  gray  globule,  covering  the  coal  with  a  white  coating,  which  treated 
in  R.F.  disappears,  giving  a  bluish-grreen  color  to  the  flame;  after  long  blowing  a  yellow, 
malleable  metallic  globule  is  obtained.  Most  varieties  give  a  faint  coating  of  the  oxides  of 
lead  and  antimony  on  charcoal. 

Obs. — Occurs  at  Offenbanya  and  Nag^ag  in  Transylvania.  In  Oalifomia,  Calaveras  Co. ,  at 
the  Melones  and  Stanislaus  mines ;  Red  Cloud  mine,  Colorado. 

Nam«^  from  Transylvania,  the  country  in  which  it  occurs,  and  in  allusion  to  tylvanium^  one 
of  the  names  at  first  proposed  for  the  metal  tellurium.  Called  grapJUc  because  of  a  resem- 
lilance  in  the  arrangement  of  the  crystals  to  writing  characters. 

Schrauf  has  stated  that,  according  to  his  measurements,  sylvanite  is  orthorhombic 

Calavkritb  {GenthJ)  has  the  composition  AuTe4= Tellurium  55*5,  gold  44*5=100.  Mas- 
sive.   Color  bronze-yellow.     Stanislaus  mine,  CaL  ;  Red  Cloud  mine,  Colorado. 

NAGTAGmL    Blattererz,  Blattertellur,  Oerm, 

Tetragonal.    O  M4  =  127°  37' ;  c  =  1-298.     (9  A 1  =  118°  37'.     Cleav- 
age:  basal.    Also  granularly  massive,  particles  of 
various  sizes ;  generally  foliated.  446 

H. = 1-1  '5.  G. = 6'S5-7'2.  Lustre  metallic,  splen- 
dent. Streak  and  color  blackish  lead-gray.  Opaque. 
Sectile.     Flexible  in  thin  laraincB. 

Comp. — ^Uncertain,  perhaps  B(S,Te)9,  withR=Pb,Au  (Bamm.).  Analysis,  Sohonlein,  Te 
aO-52,  S  8-07,  Pb  50-78,  An  911,  Ag  0-63,  Cu  0-99=100. 

Pyr.,  etc. — In  the  open  tube  gives,  near  the  assay,  a  grayish  sublimate  of  antimonate  and 
tellnrate,  with  perhaps  some  sulphate  of  lead  ;  farther  up  the  tube  the  sublimate  consistB  of 
antimonous  oxide,  which  volatilizes  when  treated  with  the  flame,  and  tellurous  oxide,  which 
at  a  high  temperature  fuses  into  colorless  drops.  B.B.  on  oharcoid  forms  two  coatings  :  one 
white  and  volatile,  consisting  of  a  mixture  of  antimonite,  tellurite,  and  sulphate  of  lead ;  and 
the  other  yellow,  less  volatile,  of  oxide  of  lead  quite  near  the  assay.  If  the  mineral  is  treated 
for  some  time  in  O.  F.  a  malleable  globule  of  gold  remains ;  this  cupelled  with  a  little  assay 
lead  assumes  a  pure  gold  color.     Decomposed  by  nitro-hydrochloric  acid. 

Obs. — At  Nagyag  and  Offenbanya  in  Transylvania,  in  foliated  masses  and  crystalline  plates. 

COVELLITB  (Kupferindig,  G?erm.).— Composition  Cu8= Sulphur  33 -5,  copper  66-5=100. 
Hexagonal  Commonly  massive.  Color  indigo-blue.  Mansfeld,  eta  :  Vesuvius,  on  lava ; 
Chili 

Helonitb  {Genth,), — A  nickel  telluride,  formula  probably  Ni9Tes=  tellurium  76*5,  nickel 
23*5=100.  HexagonaL  Cleavage  basal  eminent.  Color  reddish- white.  Streak  dark-gray. 
Oocors  mL^ed  with  other  tellurium  minerals  at  the  Stanislaus  mine,  CaL 


8.  TERNAET    COMPOUNDS.    Sulphabsenitks,  SuLPHANnMONmss, 

SuLPHOBISMUTIirrES.* 

(a)  Gboup  L    Formula  E(A8,Sb)3S4=RS+(A8,Sb)8S8. 

BdARGTRim. 

Monoclinic.  0=  48^  14';  7a  7=  106°  31',  (9  A 14  =  136°  8' ;  c:h:d 
=  1*2883  :  0*9991  :  1,  JN'aumann.  Crystals  thick  tabular,  or  stout,  or  short 
prismatic,  pyramidal.  Lateral  planes  deeply  striated.  Cleavage  :  i-ij  1-i 
imperfect. 

*  The  species  of  this  group  contain  as  bases  chiefly  copper,  lead,  and  silver.  They  can  be 
most  readily  distingfuished  by  their  behavior  before  the  blowpipe.  Attention  may  be  called 
to  the  group  of  lead  sulphantimonites,  zinkentte^  pkigioniu^  {jame^nite)  boulangerite,  tjune- 
jfkinite,  geocroni'e^  for  which  the  pyrognostics  are  nearly  similar,  and  which  are  most  surel| 
distinguished  by  their  specific  gravity. 
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H.=2-2'5.  G.=5*3~5'4.  Lustre  Bubmetallic-adamantine.  CJolor  iron- 
black.     Streak  dark  cherry-red.     Opaque,  except  in  thin  splintere,  which, 

bj  transmitted  liglit,  are  deep  blood-red.     Fractnre  BubconcboidaL 

Oomp AgSbS,  (ocAg,S-l-3b,S>)=Salpbiir  31-8,  antiinonr  41 -S,  BilTttT  86-7=100. 

Pyr.,  etc. — Id  the  closed  tube  deoi-epil&teB,  tases  aaaily,  u^  gives  a  niblliiiMe  of  antinioiiy 
■nlpbide ;  in  the  open  tabe  mlpbacotis  and  ontimonona  taiaea,  the  latter  u  «  white  aublimate. 
B.B.  on  ctutrooal  taaen  quietly,  witb  emissioa  of  Bulpbnr  and  antdmony  fumes,  to  agraj  bead, 
which  after  continaed  treatment  in  O.F.  leaves  a  bright  globole  of  lilver.  If  the  ailTer  global* 
be  treated  with  phoBphoruH  salt  in  O.F.,  the  green  gla««  tbiu  obtained sbowatnoea  of  ooppai 
when  fused  with  tin  in  R.  F. 

Decomposed  by  nitric  acid,  with  separation  of  sulphur  and  untimoDoni  oxide. 

Obs — At  Braiinsdorf,  near  Freiberg  i°  Saxony :  Felsobaoya  {ttrmgottiU) ;  Pnlbram  in 
Bohemia ;  Clausthal  Khypargyrite)  \  Guadalajara  in  Spain ;  at  Farenos,  and  the  mine  St*.  IL 
de  Catorce,  near  Potosi;  also  at  Molioares,  Mexico. 

BARTORim.     SCLEKOCLASE. 

Orthorhombic.     /A  /=  123°  21',  (9  A  1-i  =  131"  3' ;  c:l:&  =  1-1483  : 
1'8553  :  1.   CryataiB  elender.   Cleavage : 
44T  0  quite  distinct. 

H.=3.  G.  =  5-393.  Lustre  metallic. 
Color  dark  lead-gray.  Streak  reddish- 
brown.     Opaque.     Brittle. 


Pyr.,  etc.— Nearly  the  same  u  for  dnfrenoy- 
rite  (q.  T. ),  bat  differing  in  strong  deorepiUition. 
Obi.  —  From  the  Bimien  valley  with  dnf renc^- 
slta  and  binnite.  As  the  name  Sderoclaae  il 
inapplicable,  and  the  mineral  was  Bnt  in- 
nounc^d  by  Sartorias  v.  WolterBbansen,  the  species  may  be  Appropriately  called  Sari<'rite. 
It  ia  the  binniU  of  Hensiei. 

ZnfKEINITB. 

Orthorhombic.  /a/=120°3&',  Rose,  Usual  in  twins,  as  hexagonal 
prisma,  with  a  low  hexagonal  pyramid  at  summit.  Lateral  faces  longitudi- 
nally striated.  Sometimes  eolnmnar,  fibrous,  or  massive.  Cleavage  not 
distinct. 

H.=3-3-5.  G.=5-30-5-35.  Lnstre  metallic  Color  and  streak  steel- 
gray.     Opaque.     Fracture  slightly  uneven. 

Oomp^PbSb,3.  (orPbS+8b,S,)=Sulphur  231,  antimony  43  3,  lead  35-7=100. 

Pjrr.,  etc. — Decrepitates  and  fuses  reiy  easily  ;  in  the  closed  tube  gives  a  faint  mblimata 
of  sulphur  and  antimonons  solphide  ;  in  the  open  tube  sulphurous  fumes  and  a  white  subli- 
mate of  oxide  of  antimony.  B.B.  on  charcoal  is  almost  entirely  volatilized,  giving  a  coating 
which  on  tbe  aut«i  edge  is  white,  and  near  the  assay  dark -yellow;  with  soda  in  R.F.  yiel£ 
globules  of  lead. 

Soluble  in  hot  bydrochlorio  acid  with  evolution  of  sulpboretted  hydrogen  and  separatioa  of 
lead  chloride  on  cooling. 

Beeembles  stibnite  and  bonrnonite,  but  may  be  distinguished  by  its  superior  Imrdnesa  and 
qwoiBo  gTBvlty. 

Obs.— Occurs  at  Wolfsbe^  In  the  Han. 
^Okalcoot  I  bite  (Kapferautimonglanz,  Oerm,). — Composition  CnSbSg  (or  CuiS  «-SbtSt)  = 
*  iraST,  antimony  48-9,  copper  33-4     Color  lead-gray  to  iron-gray.     Wolfaberg  In  the 

(Kupferwinnnthglanz,  (?eT7n.)._0ompoBition  CuBiS,  (or  Cn,S+BiiSi)=SBl' 
>,  bicmuth  eS-O,  oopper  18-0=100.     Ool<w  gr»yisb  to  tln-whiteL     Schwanenbcav, 

Oopiapo,  ChilL 
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BBRTHmUTB. — Oomposition  approximately  FeSbsS4  (orFeS+SbsSs)=Siilphtir30*0,  anti- 
mony 57*0,  iron  18*0=100.  Color  dark  steel-gray.  AnTergne;  Braunsdorf,  Saxony;  Goxn- 
wall,  etc. ;  San  Antonio,  GaL 

(b)  Sub-Group.    Formula  K8(As,Sb,Bi)4S9=3IlS  +  2(A8,Sb,Bi)2Sj. 

Plaoionitb.— €k>mpo8ition  (Boee)  PbiSbsSis  (or  4PbS+3Sb9St)=Salphar  21*1,  antimony 
87  -0,  lead  41  -9.     Monoolinic.    G.  =5  *4.     Foond  at  Wolf sberg  in  the  Harz. 

JORDANITB  (▼.  Bath).— Composition  PbsAB4S«  (or  dPbS+2AB9S,)= Sulphur  23*8,  arsenio 
24'S,  lead  51*4.  Orthorhombic.  Besembles  sartorite,  but  distinguished  by  its  black  streak, 
its  six-sided  twins,  and  by  not  decrepitating  B.B.     Binnenthal,  Switzerland. 

BiKNlT^ — Composition  probably  Ca«As4Si»  (or  3CusS+2A8aSs)= Sulphur  29*7,  arsenic  31*0, 
copper  39*8=100.  Isometric.  Streak  cherry-red.  Bmnenthal  in  dolomite  {dufrenayaite  ot 
▼.  Waltershausen). 

Klafrotholits  {Petersen). — Composition  Cu0Bi4Sb0  (or  8CusS+2Bi9Ss).  Orthorhombic. 
Cleavage  t-i  distinct.     Color  steel-gray.     G.=4*6.     Wittichen,  Baden. 

SCHIRHERITB  (Ofnth).—Compoeiiion  RsBi^S*  (or  3RS  +  2BiiS,),  with  R=Aga  :  Pb-2  :  1. 
This  requires  sulphur  16*4,  bismuth  47*8,  silver  24*5,  lead  11*8=100.  Massive,  disseminated 
in  quartz.    Color  lead-gray.     Bed  Cloud  mine,  Colorado. 

{c)  Geoup  II.    Formula  Ej(Sb,AB)2S5=2ES-f  (Sb,AB)2S3. 

JAMBSOMmi.    Federerz,  Germ, 

Orthorhombic.  /A  /=  101°  20'  and  78^  40'.  Cleavage  basal,  highly 
l-^erfect;  /and  i-i  less  perfect.  Usually  in  acicnlar  crystals.  Also  fibrous 
massive,  parallel  or  divergent;  also  in  capillary  forms;  also  amorphous 
massive. 

H.=2-3.     G.=5*6-6'8.     Color  steel-gray  to  dark  lead-gray.      Streak 

Comp.— Pb,Sb,S»  (or  2PbS + 8b,S,) ;  more  strictly  2PbS=2  (or  Pb,Fe)S.  If  Fe  :  Pb=l  ; 
4,  Sulphur  21*1,  antimony  82*2,  lead  43*7,  iron  8*0=100.  Small  quantities  of  zinc,  bis- 
math,  silver,  and  copper  are  also  sometimes  present. 

P3rr. — Same  as  for  zinkenite. 

nfL — Distingaished  from  other  related  species  by  its  perfect  basal  cleavage. 

Obs. — Jatnesanite  occurs  principally  in  Cornwall,  in  Siberia,  Hungary,  at  Valentia,  d* Alcan- 
tara in  Spain,  and  Brazil. 

The  feather  are  occurs  at  Wol&berg  in  the  Eastern  Harz ;  also  at  Andreasbeig  and  Claus- 
thal ;  at  Freiberg  and  Sohemnitz ;  at  Pfaffenberg  and  Meiseberg ;  in  Tuscany,  near  Bottino  ; 
at  Chonta  in  Peru. 
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DUFRZINOT8XTB. 

Orthorhombic.     /A /=  93^  39',  C> A 14  =  121*  30',  i:b:a  =  1*6318  : 
1*0658  : 1.     Usual  in  thick  rectan- 
gular tables.    Cleavage:  O  perfect. 
Also  massive. 

H. = 3.  G. =5-549-5  -569.  Lnstre 
metallic.  Color  blackish  lead-gray. 
Streak  reddish-brown.  Opaque.  Brit- 
tle. 

Oonm.— PbtAstSt  (or  2PbS+2As,St)=Sal- 
phor  22'10»  arsenic  20*72,  lead  5718= 100. 

Pyr.,  etc. — ^Easily  fuses  and  gives  a  subli- 
mate of  sulphur  and  arsenous  sulphide;  in 
the  open  tube  a  smeU  of  sulphi^  ovij,  with  a  sublimate  of  sulphur  in  upper  part  of  tube,  and 
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of  arsenous  oxide  below.  On  charcoal  decrepitates,  melts,  yields  fumes  of-  «zieiiio  and  s 
globule  of  lead,  which  on  cnpellation  yields  silver. 

Obs.— From  the  Binnenthal  in  the  Alps,  in  crystalline  dolomite,  along  with  sartorite,  Jordan* 
ite,  binnite,  etc. 

Damonr,  who  first  studied  the  arsenio-sulphides  of  the  Binnenthal,  analysed  the  massive 
ore  and  uamed  it  dufrenoysite.  He  inferred  that  the  crystallization  was  isometric  from  some 
associated  crystals,  and  so  published  it.  This  led  von  Waltershansen  and  Heosser  to  call  the 
isometric  mineral  dufrenoysite,  and  the  latter  to  name  the  orthorhombic  species  bmnite.  Von 
Waltershansen,  after  studying  the  prismatic  mineral,  made  out  of  the  species  anenomeian  and 
seleroda^ey  yet  partly  on  hypothetical  grounds.  Recently  it  has  been  f onnd  that  three  ortho- 
rhombic  minerals  exist  at  the  locality,  as  announced  by  vom  Rath,  who  identifies  one,  by  speci- 
fic gravity  and  composition,  with  Damour^s  dufrenoymU;  another  he  makes  tdUfrodiM^  of  von 
WalterBhausen  (sartorite,  p.  228) ;  and  the  other  he  names  jordanUe  (p.  229).  The  isometric 
mineral  was  called  binnite  by  DesCloixeaux. 


FRBIBSIaBBBNITB.    Sohilfglaaera,  Oerm. 

Monoclinic.    O  =  87°  46',  /A  7=  119"  12',  C>  A  1-i  =  137°  10'  (B.  &  M.) ; 

c  :  2  :  a  =  1-5802  : 1-7032  : 1.        0a14  =  123°    55'. 
449  Prisms  longitudinally  striated.     Cleavage :  /  perfect 

H.= 2-2-5.  G.= 6-0-4.  Lustre  metallic.  Color  and 
streak  light  steel-gray,  inclining  to  silver-white,  also 
blackish  lead-gray.  Yields  easily  to  the  knife,  and  is 
rather  brittle.     Fracture  subconcnoidal — uneven. 

Comp.— PbaAgsSbtSg,  Bamm.  (orTBS+SSbaS,,  with7ES=4PbS 
4-3AgaS)=Snlphur  IS'S,  antimony  26-9,  lead  80-6,  sUver 23 -8=100. 
P3n^. — In  the  open  tube  gives  snlphnrous  and  antimonial  fnmes, 
the  latter  condensing  as  a  white  sublimate.  B.  B.  on  charcoal  fuses 
easily,  giving  a  coating  on  the  outer  edge  white,  from  antimonons 
oxide,  and  near  the  assay  yellow,  from  oxide  of  lead ;  continued 
blowing  leaves  a  globule  of  silver. 

Obs. — Occurs  at  Freiberg  in  Saxony  and  Kapnikin  Transylvania;  at 

Ratieborzitz ;  at  Przibram ;  at  Felsobanya;  at  Hiendelencina  in  Spain. 

According  to  v.  Zepharovich,  the  mineral  from  Przibram  and 

Briiunsdorf,  and  part  of  that  from  Freiberg,  while  identical  in  composition  with  freies- 

lebenite,  has  an  orthorhombic  form.     It  is  called  by  him  diapuouite. 

Brongniardite.— Composition  AgaPhSbaSs  (or  PbS4-AgaS-+-Sba8s)=Sulphur  19*4.  anti- 
mony 29-5,  srlver  20  '1 ,  lead  25*0= 100.  Isometric ;  in  octahedrons,  adso  massive.  Color  gray- 
ish-black.   Mexico. 

CogALiTE  ((?e/<^A).— Composition  PbaBiaSi  (or  2PbS4-BiaS,)=Sulphurl6-l,  bismuth  432, 
lead  41*7=100.  Color  lead-gray.  Soft  and  brittle.  Cosala,  Sinalva,  Mexico.  Identical 
(FrenzeH  with  Hermann's  reUbanyite. 

pYHosTiLrNrrE  (Feuerblende,  Oerm.). — In  delicate  crystals;  color  hyacinth-red.  Con- 
tains 02  3  p.  c.  silvur,  also  sulphur  and  antimony.     Freiberg  ;  Andreasberg ;  Przibram. 

BiTTiNGERiTE. — In  minutc  tabular  crystals.  Color  bladL  Streak  orange-yellow.  Con* 
tains  sulphur,  antimony,  and  silver.     JoachimsthaL 


{d)  Group  III.    Formula  E8(A8,Sb)8Se=3ES  +  (AB,Sb)8S8. 


PTRARGTRITE.    Ruby  Silver.    Dark  Bed  Silver  Ore.    Bunkles  RothgOltigerz,  Oerm, 

Ehombohedral.  Opposite  extremities  of  crj'stals  often  unlike.  H  A  H 
=  108°  42'  (B.  &  M.) ;  OAli  =  137°  42' ;  c  =  0788.  0M^  =  112°  33', 
(9a1^=:100°  14',    .fiAi=144^   21'.    Cleavage:    H  rather   imperfect 
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Twins:  compoftition-fuie— i;  ^or  baaal  plane,  as  in   f.  2i 
M    and    /.     Also  maseive,   strncture 
eranalar,  8i>inetimes  impalpable.  *W 

H.=2-2-5.  G.=5-7-5-9.  LuBtre 
metallic-adamantine.  Color  black, 
eoinetimei)  approaching  cochineal-red. 
Streak  cochmeal-red.  Tranelacent — 
opaqae.     Fracture  conchoidal. 

Oomp.  —  Ag.SbS,  (or  SAg,S-f-3b,Si>=Snl- 
phnr  17-7,  antiaon;  S2'5,  bUtbc  S9'8  =  100. 

Pyr.,  sto.^In  the  oloBed  tabe  fuses  and  gives 
>  reddish   mblimate  of  sntimoDous  sulphide  ; 

in  the  open  tabe  lalphorons  fumes  and  a  white  rabUniate  of  antimonons  oxide.  B,  B.  oa 
charcoal  ttae^  with  spirting  to  a  globnle,  giiea  aft  andmonous  eut^ihide,  coats  the  coal  white, 
and  tbe  oBM&y  ii  converted  into  ailrer  sulphide,  which,  treated  in  O.F.,  or  wltli  aoda  in  E.F., 
givaa  a  globule  of  Sue  silver.  In  case  aisecio  ia  present  it  may  be  detected  by  fusinft  the 
pnlveriied  mineral  with  soda  on  charcoal  in  R.  F. 

Deoonipoeed  bj  nitric  acid  with  separation  of  enlphnr  and  antimonoos  oxide. 

Oba. — Ocean  principally  with  calcite,  native  arsenic  and  galenite,  at  Andreasbcrg ;  also  in 
Smcoqj,  Hungary,  Norway,  at  G^adalciual  in  Spain,  and  in  Cornwall.  In  Mexico  abundant. 
In  Chili ;  in  N'entda,  at  Wftsboe  in  Daney  Uina ;  abundant  abont  Austin,  Beesa  river ;  at 
Poor  Han  lode,  Idaho. 


PROnSTtTB.    Light  Bed  SUver  Ore.     Lichtes  Both|raltigen,  Germ. 

Rliombohedral.  .flA.ff  =  107''  48',  0A^=13r  9';  J  =  0-78508. 
Alao  granular  massive. 

H.=2-2'5.  G.=5'422-5'56.  Lustre  adamantine.  Color  coehiiieal-red. 
Streak  cocliineal-red,  Bometimee  inclined  to  aurora-red.  Subtransparent — 
Bubtranslncent.     Fracture  conchoidal — uneven. 

Comp.^Ag>AsS,  (or  3Ag,  3 -(- As,  S,)= Sulphur  IS'4,  arsenic  ISl,  iilver  65-5=100. 

Pyr.,  ate. — In  the  closed  tube  fiijea  easily,  and  gives  a  faint  snblimate  of  arsenona  sulphide ; 
in  the  open  tube  sntphurons  fames  and  a  white  oiystallino  sublimate  of  araenous  oxide.  B.B. 
on  charcoal  fnses  and  emits  odors  of  sulphur  and  arsenic  ;  by  prolonged  heating  in  O.F.,  or 
with  soda  in  R.P.,  gives  a  globule  of  pure  silver.     Sonie  varieties  contain  antimony. 

Decomposed  by  nitric  aoid.  with  separation  of  sulphnr  and  aisenous  oxide. 

Oba — Occurs  at  Freiberg  and  elsewhere  in  Saxony  ;  at  Joachimsthal  ;  Wolfach  in  Baden ; 
Chalanches  in  Dauphin^  -,  Guadalcanal  in  Spain ;  in  Mexico :  Fern ;  Chill,  at  Chauarcillo,  in 
magnificent  crystals.  In  Nevada,  in  the  Daney  mine,  aud  in  Comstock  lode,  but  rare ;  in 
veins  about  Aostin,  Lander  Go.  ;  in  microscopic  orjstaU  in  CabarruB  Co.,  N.  C.,  at  tha 
McHokin  mine  ;  in  Idaho,  at  the  Poor  Han  lode. 


BOtlRNOHITB.    Bfidelen,  0«nn.(=Tnieel  Ore). 

Orthorhombic  /A /=  DS'^O',  (9Al-t  =  136°  17' (Millen  ;  d:?:a  = 
0-95618  :  1-0662  :  1.  0 A  1-2  =  133° 26',  0 A 1  =  127°  20',  O A \i  =  138" 
6'.  Cleavage:  t-J  imperfect ;  i-l  and  O  less  distinct.  Twina:  twinning- 
plane  face  I ;  crj-stale  often  cruciform  (f.  i53),  crossing  at  angles  of  H  .' 
40'  and  86"  20' ;  hence,  also,  cog-wheel  ^aped.  Also  massive ;  granular, 
vompact. 
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TnsaasarrvE  ioneraloot. 


H. = 2-5-3.  G. = 5-7-5-9.  Lustre  metallic.  C!olor  and  streak  steel-guy, 
inclining  to  blackish  lead-gray  or  iron-black.  Opaque.  Fracture  ooo- 
choidal  or  uneven.    Brittle. 
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Oomp.,  Var.— CuPbSbS,  Ramm.  (or  SES-l-SbaS,,  with8BS=2PbS-f  Cu,S)=8iiliAiir  1««, 
antiinony  25  0,  lead  42*4,  copper  13-0=100. 

Pyr.,  etc. — In  the  dosed  tabe  decrepitates,  and  gives  a  dark-red  sublimate.  In  the  open 
tube  gives  sulphurous  oxide,  and  a  white  sublimate  of  antimonous  oxide.  B.B.  on  chuooel 
fuses  easily,  and  at  first  coats  the  coal  white,  from  antimonous  oxide ;  continued  blowing 
gives  a  yellow  coating  of  lead  oxide ;  tiie  residue,  treated  with  soda  in  B.F. ,  gives  a  globule 
of  copper. 

Decomposed  by  nitric  acid,  affording  a  blue  solution,  and  leaving  a  residue  of  snlphnr,  and 
a  white  powder  containing  antim  my  and  lead. 

Obs. — Occurs  in  tiie  Hturz ;  at  ICapnik  in  Transylvania  ;  at  Servoz  in  Piedmont ;  Biinoi- 
dorf  and  Gersdorf  in  Saxony,  Olsa  in  Gorinthia,  etc. ;  in  Gomwall ;  in  Mexico ;  at  Hntfoo* 
Alto  in  Ghili ;  at  Machacamarca  in  Bolivia  ;  in  Peru. 

Stylotypite. — An  iron-sUver-oopper  boumonite  ;  Gopiapo,  GhilL 


BOXTULNOBRITB. 


In  plumose  masses,  exhibiting  in  the  fracture  a  crystalline  structure; 
also  granular  and  compact. 

H.=2'5-3.  G.=5.75-6-0.  Lustre  metallic.  Color  bluish  lead-gray; 
often  covered  with  yellow  spots  from  oxidation. 


Oomp Pb.Sb,8.  (or  3PbS+8baS,)= Sulphur  18*2,  antimony  231,  lead  587=100. 

P3rr* — Same  as  for  zinkenite. 

Obs. — Quite  abundant  at  Molicres,  department  of  Gard,  in  France ;  also  found  at  Nasafjeld 
in  Lapland  ;  at  Nertsohinsk :  Ober-Lahr  in  Sayn-Altenkirchen ;  Wolfsberg  in  the  Harz ;  near 
Bottino  in  Tuscany. 

Epiboulamokbitb. — Probably  a  decomposition  product  of  boulangerite  (Websky) ;  it  con- 
tains more  sulphur  and  less  antimony.     Altenberg,  Silesia. 

WiTTicnENiTB. — Composition  OusBiSs  (or  8Gu3S+Bi9S9)=  Sulphur  19*4,  bismuth  42.1, 
oopper  88  5  =  100.     Color  steel-gray.     Wittichen,  Baden. 

KoBELLiTK.— PbaBiSbSe  (or  8PbSH-(Bi,Sb)jS,)  Ramm.  =Sulphur  16*8,  antimony  10*7,  bis- 
Jaath  18  2,  lead  54-3=100.     Golor  lead-gray  to  steel-gray.     Hvena,  Sweden. 

AlKiNiTE  (NadUerz,  Germ.).— CuFbBiSt  (or  Cu5S+2PbS-fBi,S,)= Sulphur  167,  bismatli 
M'2,  lead  86  0,  copper  11  1-100.  In  acicular  crystals,  also  massive.  Color  blackish  lead* 
K^^J.     Beresof,  Urals ;  Gold  Hill,  North  Carolma. 
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(«)  Geoop  IV.    FonnaUR,(A«,Sb3i),S,=4RS+(AB^b,Bi)A- 

WmiAHBDBXTB.  Qn;  Copper  On.    FahlBix ;  Antimini- and  QneoluUbeit*Iilan,  Ocm, 

Isometric ;  tetmhedral.  Twins :  twinaiiig-plaiie  octahedral,  producing, 
"when  the  compoeitiou  is  repeated,  the  form  in  f,  456,  Also  massive ;  gran- 
ular, coarse,  or  fine ;  compact  or  crypto-crystalliiie 


H.=3-4-5.  G.=4-5-5-ll.  Lustre  metallic.  C5oIor  between  light  flint- 
gTBT  and  iron-black.  Streak  generally  same  as  tlie  color ;  sometimes 
inclined  to  brown  and  cherry-red.  Opaque ;  sometimes  subtraiislncent  iu 
very  thin  splinters,  transmitted  color  cherry-red.  Fracture  subconchoidal 
— nueven.     Kather  brittle. 

Oomp.,  Tu.— Cu.Sb,3i  (or  4Ca,9-HSb]9i).  with  part  ot  the  oopper  (Oui)  often  replaced  by 

Iran  (Fe),  nno  (Zn),  ailver  (AfCi),  oi  quicknlTer  (Bg),  and  rarely  cobalt  {Co),  and  part  of  the 
Mtimony  by  anenio,  and raiely  biamnth.  Ratio  Agi-hCoi  :  Zu+Fe geneTaliy  =3:1.  There 
are  thus  : 

A.  An  antimoQial  Bciiea;  B.  An  anenio-antimomal  aetiea;  0.  A  bismuthio  arsenio-antl- 
moaial ;  beddes  an  arienieal,  in  vhioh  arBenio  leplacea  all  the  antunony,  and  which  is  made 
bto  a  diatinct  apeciet  named  teaaaiUite. 

Var.  1.   Ordinary.  Containing  little  or  no  silver.  Celoi  iteol-gray  to  datlC'Kray.  G.=5-6'8. 

3.  Argenlifermu ;  Fre&trgiia.    Light ateel-gniy.Bometimesiroa-bUck.    0.=4'8-6,orleM. 

8.  MgrcurifenuM ;  Sekwattite.     Color  gray  to  iron-black.     0.  =5-5-6. 

The  following  Baaljaea  will  aerre  as  examples  of  theae  varietlM : 


ID  HQaen         25-48    19-15    4-03    S9  88    343    850    0-60NlCol-64=99-59BainmelibetE. 

0)  Meigebergr    84-80    3608    . 80-47    852    8.19  10.48  Pb  0-78  =  100-00 

(8)  Kotterbadi  22  S3    1984    3-tM    85-34    0-S7    069    Hg  17-37,  Fb  0  21  Bi  0  81=100 

\.  T.  Batb. 

Pyr..  ato. — Differ  in  the  different  varietiea.  In  the  cloned  tube  all  fase  and  (pt'i  a  dark- 
red  lablimate  of  antimonooa  gnlpbid?  ;  when  containing  mercury,  a  faint  dark-gray  HDblimate 
appears  at  a  low  red  heat ;  and  it  much  onienic,  a  BubhmaM  of  araenoua  anlphide  &ni  fonne. 
In  tiie  open  tube  fuaea.  gives  lulphDroui  fumes  and  a  white  subliniate  of  antimony  -  if 
araenic  ia  present  a  crystalline  volatile  sublimate  condenses  with  tbe  antimony ;  if  the 
ore  contains  mercury  it  condenses  in  the  tube  in  minnte  metallic  globules.  B.B  on  chnrcoal 
ftUMS.  gives  a  coaling  of  antimonous  oxide  and  sometimes  arsenous  acid,  zinc  oxide,  and  lead 
oxide ;  the  arsenic  may  be  detected  by  the  odor  when  the  coating  is  treated  in  R.F. ;  the 
lino  oxide  aaaumes  a  green  color  when  heated  with  cobalt  s<dution.  The  roasted  mineral 
gfT«*  with  the  fluxes  reactions  for  iron  and  copper;  with  soda  yields  a  globule  of  metolUo 
oopper.  To  determine  the  preeence  of  a  trace  of  arsenic  by  the  odor,  it  ia  best  to  fose  the 
mineral  aa  uharcool  with  soda.     The  presence  of  menntry  U  belt  aaoertoined  by  fnalng  th« 
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pulverized  or9  in  a  doeed  tube  with  about  three  times  its  weight  of  dry  soda,  the  metal 
subliming  and  condensing  in  minute  globules.     The  silver  is  determined  by  cupellation. 

Decomposed  by  nitric  aoid,  with  eeparatiou  of  sulphur,  and  antimonous  and  azsenone  ozidea 

Obs. — The  Cornish  mines,  near  St.  Aust  :  at  Andreasberg  and  Clausthal  in  the  Han; 
Kremnitz  in  Hungary ;  Freiberg  in  Saxony  ;  Przibram  in  Bohemia ;  Eahl  in  Sponsirt ;  Kap> 
nik  in  Transylvania  ;  Dillenburg  in  Nassau  ;  and  other  localities.  The  ore  oontaining  mer- 
cury  occurs  in  Schmolnitz,  Hungaiy ;  at  Schwatz  in  the  Tyrol ;  and  in  the  valleys  of  Angina 
and  Costello  in  Tuscany. 

Found  in  Mexico,  at  Durango,  etc.  ;  at  various  mines  in  Chili ;  in  Bolivia;  at  the  Kellogg 
mines,  Arkansas  ;  at  Newburyport,  Mors.  In  California  in  Maripo«^a  Co. ;  in  Shasta  Co.  is 
Nevada,  abundant  at  the  Sheba  and  De  Soto  mines.  Humboldt  Co.  ;  near  Austin  in  Lander 
Co. ;  in  Arizona  at  the  Heintzelman  mine,  containing  H  p.  c  of  silver ;  at  the  Sana  Bita  mine. 

UroNiTE  {Brauns). — A  bismuth  tetrahedrite  from  Cremenz,  Einfiachthal,  Switzerland. 

Malinowskite. — A  tetrahedrite  containing  9-18  p.  o.  lead,  and  10-13  p.  c  silver.  District 
of  Bocuay,  Peru.     (5th  Append.  Min.,  Chili.) 


TENNANTTTE.    Graukupfererz,  OemL 

Isometric ;  holohedral,  Phillips.  Cleavage :  dodecahedral  imperfecfcu 
Twins  as  in  tetrahedrite.     Massive  forms  unknown. 

H.=3-5-4.  G.=4:-37-4-53.  Lustre  metallic.  Color  blackish  lead-gra^ 
to  iron-black.     Streak  dark  reddish-gray.     Fracture  uneven. 

Comp. — CubAssS?  (or  4CU9S+ As«S»),  with  Cua  replaced  in  part  by  Fe,  Ags,  etc.,  as  in  te 
hedrite,  with  which  it  agrees  in  crystalline  form. 

Pyr. — In  the  closed  tube  gives  a  sublimate  of  arsenous  sulphide.     In  the  open  tabe  giv( 
sulphurous  fumes,  and  a  sublimate  of  arsenous  oxide.     B.B.  on  charcoal  fuses  with  intnin 
cence  and  emission  of  arsenic  and  sulphur  fumes  to  a  dark-gray  magnetic  globule, 
roasted  mineral  g^ves  reactions  for  copper  and  iron  with  the  fluxes;  with  soda  on 
g^ves  metallic  copper  with  iron. 

Obs. — Found  in  the  Cornish  mines.     Also  at  Skutterud  in  Norway,  and  in  Algeria. 

JULTANITE  (Websky)  is  near  tennantite.     G.=5'12.     Budelstadt,  Silesia. 

Meneoiiinite  has  the  composition  Pb4SbaS7(4PbS+Sb3Si)=: Sulphur  17*3,  antimony  16*^ 
lead  03*9=100.    Kesembles  boulangerite.    Bottino,  Tuscany  ;  Schwarzenberg,  Saxony. 

(/)  Group  V.    Formula  E5(As,Sb)2S8=6RS+(As,Sb),S8. 

STUPHANITE.    Sprodglaserz,  Oerm, 

Orthorhombic.     / A /  =  115° 39',  0 A  1-i  =  132° 32^' ;  c:b:d  =  1-0897 

:  1-5844:1.     O  Al  =  127°  51',  C^Al-i  =  145°  34.    Cleav- 
^^  a<^e  :  2-i  and  i-i  imperfect.     Twins :  twhinincr- plane  // 

forms  like  those  of  aragonite  frequent.     Also  massive, 
conipact,  and  disseminated. 

IL= 2-2-5.      G.= 6-269,  Przibram.      Lustre   metallic. 
Color  and  streak  iron-black.    Fracture  uneven. 


Oomp.—Ag»SbS4  (or  5 AgaS+Sb«St)= Sulphur  16*2,  antimony  15*3, 
sUver  68-5=100. 

IPjr.  —In  the  closed  tube  decrepitates,  fuses,  and  after  long  heating 

gives  a  faint  sublimate  of  antimonous  sulphide.     In  the  open  tube  fuses, 

giving  off  antimonial  fumes  and  sulphurous  oxide.     B.B.  on  charoosl 

fuses  with  projection  of  small  particles,  coats  the  coal  with  antimonoof 

oxide,  which  after  long  blowing  is  colored  red  from  oxidized  silver,  and  a  globule  of  metallk 

ailver  is  obtained. 

Solable  in  dilute  heated  nitric  aoid,  sulphur  and  oxide  of  antimony  being  deposited. 


;> 
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Obs« — At  Freiberg  and  elsewhere  in  Saxony ;  at  Pnihram  in  Bohemia ;  in  Ilnngaiy ;  at 
kndreaebeiqB^ ;  at  Zaioatecas  in  Mexico ;  and  in  Peru.  In  Nevada,  an  abundant  alver  ore  in 
h»  Cometock  lode ;  at  Ophir  and  Mexican  minee  in  fine  arystala ;  in  the  Beeee  river  and 
Somb^dt  and  other  regions.     In  Idaho,  at  the  silver  mines. 

OBOCRONiTB.-~Compo8ition  Pb*Sb:iR6  (or 5PbS+Sb)Ss)=Salphnr  16*7,  antimony  15'9,  lead 
S7-4=100  (also  contains  a  little  araenic).  Golor  light  lead-gray.  Sala,  Sweden;  Merido, 
^Httin;  Val  di  Gastello,  Tuscany. 


POLTBASTTE. 


Orthorhombic,  DesCl.  /A  /  nearly  120°,  O  A 1  =  121°  30'.  Crystals 
i«nally  short  tabalar  jprisms,  with  the  bases  triangularly  striated  parallel 
c^  alternate  edges.  Cleavage:  basal  imperfect.  Also  massive  and  dis- 
sminated. 

H.=2-3.  G.=6'214.  Lustre  metallic.  Color  iron-black ;  in  thin  crys- 
ils  cherry-red  by  transmitted  light.  Streak  iron-black.  Opaque  except 
'hen  quite  thin.     Fracture  uneven. 

Oomp. — AgsSbSa  (or  OAgaS-f  SbtSs),  if  containing  silver  without  copper  or  arsenic,  Snlphnr 
I'd,  antimony  9*7,  silyer  95  5=100.  But  with  Ags  replaced  in  part  by  Cus  (ratio  Ag  :  Cu= 
:  4  to  1  :  11),  and  Sb  replaced  by  As  (ratio  1  :  1,  etc.). 

Pyr.,  etc. — In  the  open  tube  fuses,  gives  sulphurous  and  antimonial  fumes,  the  latter 
inning  a  white  sublimate,  sometimes  mixed  with  crystalline  arsenous  oxide.  B.B.  fuses 
ith  spirting  to  a  globule,  gives  off  sulphur  (sometimes  arsenic),  and  coats  the  cool  with  anti- 
lonous  oxide ;  with  long-continued  blowing  some  varieties  give  a  faint  yellowish-white  coat- 
ig  of  zinc  oxide,  and  a  metallic  globule,  which  with  salt  of  phosphorus  reacts  for  copper, 
nd  cupelled  with  lead  gives  pure  silver. 

Decomposed  by  nitric  acid. 

Obs. — Occurs  in  Mexicb ;  at  Tres  Puntos,  Chili ;  at  Freiberg  and  Przibram.  In  Nevada, 
\Z  the  Reese  mines ;  in  Idaho,  at  the  silver  mines  of  the  Owhyhee  district. 

PoLTARGTRiTE. — Isometiia  Cleavage  cubic.  Malleable.  Comp.  12Ag3S-i-SbsSt.  Wol« 
Aoh,  Baden. 


ENARaiTE. 


Orthorhombic.  /A  /=  97°  53',  Oa1-1  =  136°  37'  (Dauber)  ;i:l:d=^ 
3-94610  : 1-1480  : 1.  O  A 14  =  1 40°  20',  O  A 1  =  128°  35'.  Cleavage :  / 
perfect ;  i-i,  i-i  distinct ;   0  indistinct.    Also  massive,  granular  or  columnar. 

H.=3.  G.=4-43-4-45  ;  4-362,  Kenngott.  Lustre  metallic.  Color  gray- 
ish to  iron-black ;  streak  grayish-black,  powder  having  a  metallic  lustre. 
Brittle.    Fracture  uneven. 

Oomp. — CusAsS4=Sulphur  32*5,  arsenic  19*1,  copper  48*4=100,  usually  containing  also  a 
ittle  antimony,  and  zinc,  and  sometimes  silver. 

Pyr. — In  the  oloee«l  tube  decrepitates,  and  gives  a  sublimate  of  sulphur ;  at  a  higher  tem- 
perature fuses,  and  gives  a  sublimate  of  arsenous  sulphide.  In  the  open  tube,  heated  gently, 
&he  powdered  mineral  gives  off  sulphurous  and  arsenous  oxides,  the  latter  condensing  to  a 
mblimate  containing  some  antimonous  oxide.  B.  B.  on  charcoal  fuses,  and  gives  a  faint  coat- 
Jig  of  arsenous  oxide,  antimonous  oxide,  and  zinc  oxide ;  the  roasted  mineral  with  the  fluxes 
^ives  a  globule  of  metallic  copper. 

Soluble  in  nitro-hydrochloric  acid. 
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QlMk— Worn  Morooobha,  Oordillezas  of  Pern ;  FamAtina  Mts.,  Axgentine  Bepablio ;  frma 
CbiU ;  miueii  of  Santa  Aima,  N.  Oranada ;  at  Coeihniiaohi  in  Mexico ;  Brewster*!  gold  mini, 
CKv«t«rt&cM  ditttriot,  S.  Carolina ;  in  Colorado ;  at  Willis's  Goloh,  near  Black  Hawk ;  soathem 
I'lah ;  Morning  Star  mine,  Cal. 

Kamatimitb  {JStdtgner).-'Aji  antimonial  enargite.  MassiYe.  Color  reddish  gray.  Fsma- 
toia  Mta. ,  Aigentine  Republic ;  Cerro  de  Paaca,  Pern. 

LvKONiTK. — Similar  to  enargite  in  oompodtion,  Imt  unlike  inform,  acoozding  to  Weisbsch. 
Maiioayan  Island,  Luzon. 

Oi.AKiTB  (Sandberger). — Also  similar  to  enargite  in  composition,  but  in  form  monodinic^ 
and  having  a  perfect  cleavage  parallel  to  the  dinopinaooid.     Sdhapbauh,  Black  Forest 

HriGBNiTB.— ComiK)6ition  S  82-24,  As  12*78,  Cu  40^,  Fa  14*20=100.  Orthodioml]ia 
Color  steel-gray.    Nenglilck  mine,  Wittichen. 


m.  COMPOUNDS  OF  CHLORINE,  BROMINE,  IODINE 


1.  ANHYDROUS  CHLORIDES,  ETC. 
HAIiITB.    COMHON  SALT.    Koohsal*,  SteinaiJi,  Otrm.       y 

iBOmetric.     Uanally  in  cubes ;  rarely  in  oc^tshedronB ;  faces  of  crystals 
Wmetimea  cavemoaa,  as  in  f.  458.     Cleavage :  cubic, 
perfect.     Massive  and  granular,  rarely  colnmnar.  *t8 

H.  =  2-5.    G.=:  2-1 -2-257.    Lnstre  yitreoua.   Streak  — 

white.  Color  white,  also  Boraetimea  yellowish,  red- 
dish, blnish,  pnrplisli;  often  colorlese.  Transpareut 
— translucent.  Fracture  conchoidal.  Rather  brittle. 
Soluble;  taste  purely  saline. 

Oomp.— NaCI=CIi1ortne  60-7,  ■odium  89-8=100.  OonunoiJr 
mixed  witih  aome  oaloium  Bnlphste,  ooldiiin  ohlorids,  ajid  magne- 
■hitii  cbloride.  uid  someUiiiea  nugneainm  anlphato,  wbioh  reader 
It  iMble  to  deliqneece. 

Pyr..  atc.^In  the  closed  tube  foMS,  ottm  with  decrepitatioD ;  when  foMd  on  the  pUtlniuii 
L«op  oolors  the  flune  deep  yellow. 

Difil— DUtingniehed  by  ite  terte,  aolnbllit;,  and  perfeot  oabio  oleaTage. 
Oba. — Common  salt  oooon  in  exlennve  bat  irra^ular  beds  in  rooks  of  ruloni  Kgn^  MWMi- 
Kted  with  gTptnun,  polyhalile,  oaloite,  olay,  and  MUtdatone;  also  in  lolntion,  and  foiming 
■alt  BpringH. 

Tbe  prinoipe]  mines  of  Euiope  are  atWIeliozka,  in  Poland;  at  Hall,  in  th«  Tjrolj  °tnlM 
fart,  in  Pnusian  Saxony;  and  along  tbe  range  tfarongh  Reiohenthal  in  BaTariu,  Hallein  in 
Salibn^.  Hallstadt,  Isi^l,  and  Ebeogee,  in  npper  Austria,  and  Aossee  in  Stjiia ;  in  Tran^l- 
-moiA  ;  Wallachia,  Qalida,  and  apper  Silesia  ;  Tie  and  Dienie  in  Franoe  ;  Talle;  of  Cardona 
•nd  elsewhere  in  Spain,  forming  bills  800  to  400  feet  high  ;  Bex  in  Switierland  ;  and  North' 
wtch  in  Cheabire,  England,  It  also  occnre  ne^r  Lake  Oroomiah.  the  Caspian  Lake.,  etc.  In 
Algeria ;  in  Abjssinla ;  in  India  In  the  proTinoe  of  I^ore,  and  in  the  Taltey  of  Cashmere ; 
in  China  and  Asiatio  Bossia  '  in  South  America,  in  Peru,  and  at  ZipaqaeiB  and  Nemocoo. 

In  the  United  Stat«a,  salt  ha«  been  found  forming  beds  with  gypaum,  in  Virginia,  Wash- 
ington Co>  ;  in  the  Salmon  Bivei  Hts.  of  Or^on  \  in  Louisiana.  Brine  springs  are  verjr 
immerons  in  the  Middle  and  Western  Statea.  These  springs  are  worked  at  Salina  and  Byra- 
oose,  X.  Y.  ;  in  the  Kanawha  Valley,  Ta. ;  Muakingnnt,  Ohio;  Minhlpn,  at  Sagimir  and 
Blaewhere ;  and  in  Eentacky.  Taat  lake*  of  salt  water  exist  in  many  parti  of  the  world. 
Lake  Timponc^oe  in  tbe  Booky  Uonntains,  4.200  feet  abore  tbe  lerel  of  Oie  sea,  now  called 
the  Great  Salt  Lake,  ia  3.000  square  miles  in  area.  L.  Gale  found  in  this  water  30-106  pet 
cent  of  sodium  ohloiide  in  18S3 ;  but  the  greater  rainfall  of  the  last  few  years  has  dhnin- 
Uied  the  proportion  of  saline  matter.  Tbe  Dead  and  Caspian  Seas  are  salt,  and  Uie  watera 
of  the  former  oontain  20  to  38  parts  of  solid  matter  in  100  pacta. 

HnstiTAjATrrE. — Gompoaitioo  20NaCl4-AgCL  Ooeon  bt  white  oobea  In  the  nine  of  Baa 
Simon,  Cetro  de  Huantaj^a,  Pern. 
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STLVITB. 

Isometric.    Cleavage  cubic.    Also  compact. 

H.=2.  G.=l*9-2.  White  or  colorless.  Vitieons.  Soluble;  taste  like 
that  of  comTnon  salt. 

Oomp.— KOI = Chlorine  47*65,  potassium  52*85=100.    But  often  oontaining  imparities. 

Pyr.,  etc. — B.B.  in  the  platinum  loop  fuses,  and  gives  a  violet  color  to  Sie  outer  flame. 
Added  to  a  salt  of  phosphorus  bead,  whioh  has  been  previously  saturated  with  copper  ozidei 
colors  the  O.F.  deep  azure-blue.    Water  completely  dissolves  it. 

Obs. — Occurs  at  Vesuvius,  about  the  fumaroles  of  the  volcano.  Also  at  Stassfurt ;  at  Leo- 
poldshall  {Uopoldite) ;  at  Kalnaz,  Galioia. 

OBRAROTRTTE.    Eerargyrite.   Horn  Silver.  Silberhomerz,  Oerm, 

Isometric.  Cleavage  none.  Twins :  twinning-plane  octahedral.  Usnally 
massive  and  looking  like  wax;  sometimes  columnar,  or  bent  columnar ; 
often  in  crusts. 

H.=l~l-5.  G.=:5-552.  Lustre  resinous,  passing  into  adamantine.  Color 
pearl-gray,  grayish-green,  whitish,  rarely  violet-bhie,  colorless  sometimes 
when  perfectly  pure ;  brown  or  violet-brown  on  exposure.  Streak  shin- 
ing. Transparent — feebly  subtranslucent.  Fracture  somewhat  oonchoidal. 
Sectile. 

Oomp.— AgCl=Chlorine  24*7,  sUver  75'8=100. 

P3rr.,  etc. — In  the  closed  tube  fuses  without  decompositioii.  B.B.  on  oharooal  gives  a 
globule  of  metallic  silver.  Added  to  a  bead  of  salt  of  phosphorus,  previously  saturate  with 
copper  oxide,  and  heated  in  O.F. ,  imparts  an  intense  azure-blue  to  the  flame.  A  fragment 
placed  on  a  Btrip  of  zinc,  and  moistened  with  a  drop  of  water,  swells  up,  turns  black,  and 
finally  is  entirely  reduced  to  metallic  silver,  which  shows  the  metallic  lustre  on  being-  pressed 
with  the  point  of  a  knife.     Insoluble  in  nitric  acid,  but  soluble  in  ammonia. 

Obs. — Occurs  in  veins  of  clay  slate,  accompanying  other  ores  of  silver,  and  usually  only  in 
the  higher  parts  of  these  veins.  It  has  also  been  observed  with  ochreous  varieties  of  brown 
iron  ore  ;  also  with  several  copper  ores,  with  calcite,  barite,  etc. 

The  largest  masses  are  brought  from  Peru,  Chili,  and  Mexico.  Also  occurs  in  Nicaragua 
nearOcotal;  in  Honduras.  It  was  formerly  obtained  in  the  Saxon  mining  districts  of 
Johanngeorgeustadt  and  Freiberg,  but  is  now  rare.  Found  in  the  Altai ;  at  Kongsbeig  in 
Norway ;  in  Alsace ;  rarely  in  Cornwall,  and  at  Huelgoet  in  Brittany.  In  Nevada,  about 
Austin,  Lander  Co. ,  abundant ;  at  mines  of  Comstock  lode.  In  Arizona,  in  the  Willow  Springs 
dist. ,  veins  of  El  Dorado  canon,  and  San  Francisco  dist.     In  Idaho,  at  the  Poor  Man  lode. 

Named  from  Kffxic,  horn,  and  aQyvQo^^  silver. 

Calomel  (Quecksilberhomcrz,  Germ.). — Composition  HgCl=Chlorine  15*1,  mercury  84*9 
eslOO.     Color  white,  grayish,  brown.     Spain. 

Sal  Ammoniac  (S^miak,  Oerm.). — Ammonium  chloride,  NH401= Ammonium  SB*?,  chlo» 
rine  66  "3 =100.     Vesuvius,  Etna,  and  many  volcanoes. 

Nantokite  (Breithaupt).— Composition  CuCl=Chlorine  85*9,  copper  641 =100.  Cleavog« 
cubic.     Color  white.    Nantoko,  ChLlL 

Embolite. — Ag(Cl,Br) ;  the  ratio  of  CI  :  Br  varying  from  8  :  1  to  1  :  8.  Color  grayish- 
g^en.     At  various  \nines  in  Chili ;  also  Mexico  ;  Honduras. 

Bkomtritb,  Bromargyrite  (Bromsilber,  Germ,). — Silver  bromide,  AgBrrrBromine  42*6, 
silver  57  "4 =100.     Color  when  pure  bright  yellow,  slightly  greenish.     Chili ;  Mexico. 

loDYRiTE,  lodargyrite  (lodsilber,  Germ.). — Silver  iodide,  Agl= Iodine  540,  silyez  46*0= 
100.     Color  yellow.     Mexico  ;  Chili ;  Spain ;  Cerro  Colorado  mine  in  Arizona. 

Togobnalitb  (Domeyko). — Composition  Agl-fHgl.  Amorphous.  Color  pale  yellow. 
Ohafiarcillo,  Chill  . 

CnLOROCALCiTB  (Scacchi).— From  Vesuvius,  contained  58*76  p.  c.  CaCls ;  with  also  KCl, 
NaClMgCla.     Chloralluminite,  CHLOBMAeNKSiTE,  and  Chlobothionitb  are  also  frcm 

Vesuvius. 
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CoTUWKiTE.— Lead  chloride,  FbCl>= Chlorine  25-5,  lead  74 '5=100.    Soft    White.    Vesa* 
-ina,    PSEUDOCOTUNNITB  (Scacchl),  YesaviuB. 


HOLTBITS.— Oompontion  FeGU=Ghlorine  05*5,  iron  84*5=100.    YemiTiaiL 


2.  HTDEOUS    CHLOEIDES. 

OARNALUm. 

IMassive,  granular ;  flat  planes  developed  by  action  of  water,  but  no  dis- 

lot   traces  of  cleavage ;  lines  of  striaa  sometimes  distinguished,  which 

dicate  twin-composition. 

Xjustre  shining,  greasy.     Color  milk-white,  but  often  reddish  from  mix- 

1?©  of  oxide  of  iron.    Fracture  conchoidal.     Soluble.    Strongly  phosphor 

ctent. 

Oomp. — ^KMg€]t.6aq=KGl+Mg01fl  +  6aq=Magne8iam  chloride  84*2,  potassium  chloride 

*0,  water  88  •«= 100. 

l^he  brown  and  red  color  of  the  mineral  is  due  partly  to  iron  sesqnioxide,  which  is  in  hex- 

onal  tables,  and  partly  to  organic  matters  (water-plants,  infusoria,  sponges,  etc.). 

E^yr.,  etc. — B.  B.  fuses  easily.     Soluble  in  water,  100  parts  of  water  at  18*75°  C.  taking  up 

'G  parts. 

^1mi« — Occurs  at  Stassfurt,  where  it  forms  beds  in  the  upper  part  of  the  salt  formation, 

^^mating  with  thinner  beds  of  common  salt  and  kieserite,  and  also  mixed  with  the  common 

''^.     Its  beds  consist  of  subordinate  beds  of  different  colors,  reddish,  bluish,  brown,  deep  red, 

i^ietimes  colorless.     Sylvite  occurs  in  the  camallite.     Also  found  at  Westeregeln ;  with  salt 

Haman  in  Persia.     Its  richness  in  potassium  makes  it  valuable  for  exploration. 
"^ACHHTDUITB. — Composition  CaMgaCls  +  12aq=CaCU+2MgCl9  +  12aq  (Ramm.)= Chlorine 
*  8,  magnesium  0*5,  calcium  7*5,  water  42*7=100.    Color  yellowish.    I)eliquescent.     Stasa* 


^REMERSFTE.— Probably  2NH«Cl+2KCl-fFeCle+8aq.    Vesuvius. 
^iRTTHROBiDEBrrB,  also  from  Vesuvius,  is  2ECl+FeCle+2aq. 


8.  OXYCHLOEIDES. 


ATACABSmi. 


Orthorhombic.  /  A  /=  112**  20',  (?  A  M  ==  131**  29' ;  i:l:d  =  1-131 
1*492  :  1.  Usually  in  modified  rectangular  prisms,  vertically  striated  ;  also 
II  rectangular  octahedrons.  Twins:  twinning-plane  /;  consisting  of 
hree  individuals.  Cleavage :  i-i  perfect,  1-i  imperfect.  Occurs  also  mas- 
Lve  lamellar. 

n.= 3-3-5.  G.= 3-761  (Klein),  3-898  (Zepharovich).  Lustre  adamantine— 
itreous.  Color  vario*is  shades  of  bright  green,  rather  darker  than  emerald, 
oinotimes  blackish-green.  Streak  apple-green.  Translucent — subtrana- 
ucent. 
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Oomp^— Chi01t+8H,0aOs=<;%loEine  16-64,  copper  50*45,  ozjgen  11 'S5,  water  19-66:^10(1. 
Also  other  oompoonds  with  more  water  (18  and  22^  p.  c.). 

Pyr.,  eto.~Iii  the  cloeed  tabe  giyes  off  mnc^  water,  and  forme  a  graj  mUimato.    B.B.  os 
charooal  fuses,  coloring  the  O.F.  asore-Mne,  with  a  green  edge,  and  giving  two  ooafcing^k, 
one  brownish  and  the  other  grayiah-white :  continued  blowing  yields  a  globule  of  metalLm««i 
copper ;  the  coatings  touched  with  the  B.F.  volatilize,  coloring  the  flame  asure-Uue»    In 
easily  soluble. 

Obs.— Occurs  in  different  parte  of  Chili ;  in  the  district  of  Tarapaca,  Bolivia ;  at  Tooopil 
in  Bolivia :  with  malachite  in  South  Australia ;  Serro  do  Bembe,  near  Ambriz,  on  the  w 
coast  of  Airica ;  at  the  Eetrella  mine  in  southern  Spahi ;  at  St.  Justin  ComwalL 

Tallingite. — Composition  CnCls+4HiCuOs+4aq.    In  thin  crusta.    Color  blue, 
lack  mine,  Cornwall. 

Atelite. — Composition  CuCIs+2HiCuOs+aq.    Formed  from  tenorite.    Yesavina. 

Percyltte. — An  ozychloride  of  lead  and  copper.    Occurs  in  minute  aky-blne  on 
Sonera,  Mexico  ;  So.  Africa. 

Matlockite.— Composition  PbCls+PbO=:Lead  chloride  65*5,  lead  oxide  44 '5=100. 
ford^  near  MatloclL,  Derbyshire. 

Hbndipite.— CompoRition  PbClfl+2FbO=Lead  chloride  88*4,  lead  oxide  61*6=100. 
columnar  masses,  often  radiated.     Color  white.     Mendip  Hills,  Somersetshire;  Bxilli 
Westphalia. 

Schwartzehbbboitb. — Composition  Pb(I,Cl)i+2PbO.    Color  yellow.    Deaert  of  Ai 
cama. 

Daubbbitb.— Composition  (BisOt)4BiClt=BiiOt  76*16,  BiCl*  28*84=100. 
Structure  earthy,  sometimes  fibrous.     Color  yellowish*gray.    H.=2-5.    G.=6'4-6i6. 
the  mine  Conatanoia,  Cerro  de  Tanaa,  Bolivia  (Domeyko). 
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IV.  FLUORINE  COMPOUNDS. 


1.  ANHYDROUS  FLUORIDES. 


450 


FLUORITE  or  FLUOR  SPAR     Flowpath,  Germ. 

trie;  forms  usually  cubic  (see  f.  39,  40,  41,  52,  55,  etc.,  pp.  16 
Cleavage  :  octahedral,  perfect.  Twins  : 
j-plane,  1,  f.  266,  p.  91.  Massive, 
columnar ;  usually  gmuular,  coarse  or 
rystals  often  having  the  surfaces  made 
lall  cubes,  or  cavernous  with  rectangular 

G.=3'0i-3'25.  Lustre  vitreous ; 
es  splendent ;  usually  glimmering  in  the 
varieties.  Color  white,  yellow,  green, 
d  crimson-red,  violet-blue,  sky-blue,  and 
wine-yellow,  greenish  and  violet-blue, 
union  ;  red,  rare.  Streak  white.  Trans- 
-subtranslucent  Brittle.  Fracture  of  fine  massive  varieties  flat- 
lal  and  splintery.  Sometimes  presenting  a  bluish  fluorescence. 
>resce8  when  heated. 


Var. — Calcium  fluoride,  GaFs=FlTiorine  48*7,  calcium  51  "3=100.  BerzeUus  found 
dnm  phosphate  in  the  flnorite  of  Deibyehire.  The  presence  of  chlorine  wns  detected 
oheele.  Kersten  found  it  in  fluor  from  Marienberg  and  Freiberg.  The  bright 
shown  bj  Kenngott.  are  lost  ozk  heating  the  mineral ;  they  are  attributed  mainly  to 
lydrocarbon  compounds  by  Wyrouboff,  the  oiystaUixation  having  taken  place  £om 
^lution. 

•dinarp ;  (a)  deavable  or  crystallized,  very  various  in  colors;  (b)  coarse  to  fine 
{6)  earthy,  dull,  and  sometimes  very  soft.  A  soft  earthy  variety  from  Batofka, 
a  lavender-blue  color,  is  the  ratofkiU,  The  finely-colored  fluorites  have  been 
^rding  to  their  colors,  false  ruby,  topaz,  emerald,  amethyst,  etc.  The  colors  of  the 
scent  light  are  various,  and  are  independent  of  the  actual  color ;  and  the  kind 
El  green  color  is  {d)  the  chlorophane. 

tc — In  the  closed  tube  decrepitates  and  phosphoresces.  B.B.  in  the  foroepe  and 
al  fuses,  coloring  the  flame  red,  to  an  enamel  which  reacts  alkaline  to  test  pi^r. 
on  platinum  fofl  or  charcoal  fuses  to  a  dear  bead,  becoming  opaque  on  oooling  ; 
ccess  of  soda  on  charcoal  yields  a  residue  of  a  difficultly  fusible  enamel,  while  most 
a  sinks  into  the  coal ;  with  gypsum  fuses  to  a  transparent  bead,  becoming  opaque 
:.  Fused  in  an  open  tube  witii  fused  salt  of  phosphorus  gives  the  reaction  for  fluor* 
ited  with  sulphuric  acid  gives  fumes  of  hydrofluoric  acid  which  etch  glaaiL    Phot* 
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phoreaoence  is  obtained  from  the  coareelj  powdered  spar  below  a  red  heatb    At  a  higb  tan* 
peratare.it  ceases,  bnt  is  partially  restored  bj  an  electric  discharge. 

Ditf. — Becognized  by  its  octahedral  cleavage,  its  etching  power  when  heated  in  the  gUii 
tube,  etc. 

Obs. — Sometimes  in  beds,  bnt  generally  in  veins,  in  g^neiss,  mica  slate,  day  slate,  and  alio 
in  limestones,  both  crystalline  and  nncrystalline,  and  sandstones.  Often  occurs  as  the  gangae 
of  metallic  ores.  In  the  North  of  England,  it  is  the  gangae  of  the  lead  veins.  In  Deibj- 
shire  it  is  abundant,  and  also  in  GomwalL  Common  in  the  mining  district  of  Saxony ;  fine 
near  Kongsberg  in  Norway.     In  the  dolomites  of  St.  Gothard  it  occurs  in  pink  octahednmi 

Some  American  localities  are :  Trumbull  and  Plymouth,  Conn.  :  Musoolonge  Lake,  Jeffer- 
son Co.,  N. Y.,  in  gigantic  cubes ;  Bossie,  St.  Lawrence  Ca  ;  near  tne  Franklin  furnace,  N.  J.  * 
Gallatin  Co.,  111. ;  Thunder  Bay,  Lake  Superior;  Missouri. 

Sella ITE  (Strilver).— Magnesium  fluoride,  MgFa.  Tetragonal  Colorless.  Oooarswitb 
anhydrite  at  Gerbulaz  in  Savoy. 

Yttrocerite. — Composition  2(9CaF«+2YF9+CeF«)+8aq  (Bamm.).  Color  Tiolet-blne^ 
white.    Near  Fahlun,  Sweden  ;  Amity,  N.  Y.  ;  Paris,  Me.  :  etc. 

Fluoceritb. — Contains  (Berzelius)  BeOt  82*64,  YO  112.     Sweden. 

Fluellite. — Contains  (Wollaston)  fluorine  and  aluminum.     ComwalL 

Cryftohalite.— Fluosilicate  of  ammonium.  Yesuyius.  Also  observed  at  YesnTini^ 
h^drofliioritey  HF,  and  proidomtey  SiF«  (Scacchi). 
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Triclinic  (DesCloizeanx  and  Websky).     Form  approachiug  very  clofldy 

in  appearance  and  angles  to  the  cube  and  cnbo- 
octanedron  of  the  isometric  system.  General  hibit 
as  in  f.  460;  P(0)  A  ^(7)  =  90°  2',  P{0)r\M(l) 
=  90°  24',  Ma  T(Ia  I')  =  91°  57' ;  also  /  {U')^M 
(/')  =  124°  30',  I  (1-iO  A  T(I)  =  124°  14'  (angles by 
Websky).  Twins  common.  Cleavage  parallel  to 
the  three  planes  P,  My  T;  in  crystals  most  com- 
plete parallel  to  T,  in  masses  parallel  to  P.  Com- 
monly massive,  cleavable. 

H.=2-5.  G.=2-9-3-077.  Lnstre  vitreous;  slightly 
pearly  on  O,  Color  snow-white  ;  sometimes  reddish 
or  brownish  to  brick-red  and  even  black.  Snb- 
transparent — translucent.  Immersion  in  water  in- 
creases the  transparency.     Brittle. 

Oomp.— Na«AlF,9  (or  6NaF-fAlFe)=  Aluminum  13-0,  sodium  82-8,  fluorine  54-2=100. 

P3nr.,  etc. — Fusible  in  the  flame  of  a  candle.  B.B.  in  the  open  tube  heated  so  thstths 
flame  enters  the  tube,  gives  off  hydrofluoric  acM,  etching  the  glass  ;  the  water  which  con* 
denses  at  the  tipper  end  of  the  tube  reacts  for  fluorine  with  Brazil-wood  paper.  In  the  fo^ 
oeps  fuses  veiy  easily,  coloring  the  flame  yellow.  On  the  charcoal  fuses  easily  to  a  clearbeadf 
which  on  cooling  becomes  opaque ;  after  long  blowing,  the  assay  spreads  out,  the  sodium 
fluoride  is  absorbed  by  the  coal,  a  suffocating  odor  of  fluorine  is  given  off,  and  a  cmst  ct 
alumina  remains,  which,  when  heated  with  cobalt  solution  in  O.  F. ,  gives  a  blue  color.  SolaUe 
in  sulphuric  acid,  with  evolution  of  hydrofluoric  acid. 

Diff. — Distinguished  by  its  extreme  fusibility,  and  its  yielding  hydrofluoric  add  in  the  open 
tube. 

Obs.— Occurs  in  a  bay  in  Arksut-fiord,  in  West  Greenland,  at  Evigtok,  where  it  constitntes 
a  larg^  bed  or  vein  in  gneiss.  It  is  used  for  making  soda,  and  soda  and  alumina  salts ;  aIvo 
in  Pennsylvania,  for  the  manufacture  of  a  white  glass  which  is  a  very  gt>od  imitation  of 
porcelain. 

Chiolite.— G.=2-84-2'90.  Na.AlF.  (orSNaF-j-AlFe).  CnoDNEFFrrE.— G.=8-01.  Na^Al 
F,o  (or4NaF  +  :AlFe)  Ramm.  The  two  minerals  are  alike  in  physical  characten,  oocnrring 
In  minute  tetragonal  pyramids  ;  both  from  Miask. 


OOHPOUSDfl. 


a.   HYDROUS    FLUORIDES. 


([oadratic"  Nordens- 
ender. 


PAOHHOLTTB.    ThonuenoUbe. 

clinic,  with  the  lateral   axes  equal    C'clino-qt 
i:h:d  —  1-044  : 1  : 1 ;  C=  92°  30'.   PrismB  Bfe 
taperine:   /  horizoDtallT  striated.    Cleavage:  baeal 
■feet.     Abo  maseive,  opal  or  ehaluedoiiy-like. 
1-5-4.    G.= 2-929-3 -008,  of  crystals.     Lustre  vitreous, 
avage-face  a  little  pearly,  of  maaeive  waxy.     Color 
■  with  a  reddish  tinge.     Transparent  to  tranalneeiit. 

-ya,Ca,A1F,,+3aq,  or  SJTaF +  20aF,  + AlF. +  2Bq  =  Flnorine 
minnm  IBija,  oaldnm  17-»9,  lodlnm  lO'SS,  water  810=100. 
o^-Pnses  more  eamij  than  orjolite  to  a  oletr  glum.     The  mMslTe 
«a  remnrkabl;  in  the  flame  of  a  'oandle.     In  powder  easily  deoom- 
mlphnrio  said. 
'otmd  incnuUng  the  UToUte  of  Gceenlaad.  and  a  temlt  of  ita 

The  oryatali  often  hare  an  oohie-eolored  ooatinff,  eapecially  the  ^^-='    ' 

poiti'on;  the;  ore  sometimes  qnita  larg^,  and   nave  mnch  the 
i  of  oiyolite     The  mineral  was  first  described  by  Knop,  and  thongh  hia  deeoriptfon 
Yttaie  does  not  agree  with  that  given  above,  there  seemi  to  be  no  donbt  that  ths 
'ae  the  same,  which  has  sinoe  been  inveatigati'd  by  Hagemann  {dimetrie  pnehrmlUt 
Me).  Wuhlei  {psrnxonite)  and  Kmnig.  aa  orged  b;  the  latter, 
iginally  described  two  Tarietjes  of  tbe  mineral,  to  which  he  gave  the  name  paohno- 

variet^.  A,  appeared  in  large,  onboidal  aryatala,  with  cleaTage  planes  parallel  to  the 
tsectiDg  at  angles  of  approiimatety  00" .    These  cleaTage  planes  seemed  to  be  oon- 

into  ths  mass  of  the  cryolite  on  which  the  orystals  were  implanted.  Tbe  seoond 
,  WBB  in  email  brilliant  crystals,  ol  pmmatio  form,  grouped  together  often  in  pae- 
on npon  the  cryolite  (henoe  the  name,  from  inix«i,  fivil).  The  identity  of  the  two 
bemically  was  shown  by  the  analyses  of  Kaop  and  Wohler.  The  cnstais  of  variety 
ng  to  Knop,  bad  2a  /=  81°  24',  eto. 

■a  recently  (Jahrb.  Min.,  1B76.  S4S).  soggeated  the  possiblUty  that  the  crystaU  of 
"  upon  which  Webelt;  obtained  the  angles  quoted  on  the  pieoeding  page,  were  really 
rlth  variety  A  of  paehnoiiu.     The  crystallographio  relation  of  the  t«o  species  !■  not 

made  oat 

ITB.  HASKHANKm,  GlBASXBnTiTB,  all  from  Greenland  ;  aad  Fhobofitb,  from 
— FInoilne  minerals,  related  to  those  which  praoede,  bat  whoae  exact  nature  ii 
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V.  OXYGEN  COMPOUNDS. 


1.  OXIDES  OF  Met  ALB  of  the  Qold,  Iboh,  ob  Tdt  Gbodpb. 

A.  ANHYDROUS  OXIDES,     (a)  Pkotoxides,  RO(or  B,0). 

OTTPRITZI.     B«d  Copper  Om.    Botliknpfenn,  Otrm. 

Isometric   (eee  fignres  on  p.  17).      Cleavage:   octahedral.      SometintM 

cubes  lengthened  into  capillary  forms.    Alw 

maesive,  granular;  sometimes  earthj. 

H.=  3-6-4.  G.=5-85-6-15.  Lustre  id* 
mantine  or  snbmetallic  to  earthy.  Colornd, 
of  various  shades,  particularly  cochineal-red; 
occasionally  ciimsoii-red  by  transmitted lieliL 
Streak  several  sliados  of  brownish-red,  Brin- 
ing. Sill) transparent — Bnbtranslncettt.  Fi»- 
ture  conehoidal,  uneven.     Brittle. 

Oomp.,  Var.— CiitO=Os7geii  11-2,  oopperdS^slH- 

Sometimei  aflorda  trace*  of  aeleiiinin.     PAnlKlriiUi 

ia  u,  variety  which  occur*  in  eapillaiy  or  aoiciilK  ■;^ 

talliiatioiiB,  which  are  cnhes  elon^ted  in  tlut  diiMlica 

of  the  octahedral  axis.      It  also  occni*  euthjj  TBt 

Ore   (Ziegelera  Qerm.).     Brick-red   or  reddiah-taWD 

and  earth;,  often  mixed  with  red  oxide  of  lion ;  m>>- 

timeg  near];  black. 

Fyr.,  etc. — Unaltered  in  the  closed  tnbe.     B.  B.  in  the  forcep*  fate*  and  color*  the  fhw 

emerald -green ;  if  preTionslj  moiatened  with  hydrochloric  acid,  the  color  imparted  ta  tb 

flame  in  momentarilj  aiore-bloe  from  oopper  chloride.     On  charcoal  flnt  blackeni,  then  fiMi 

and  is  reduced  to  metallic  copper.     With  the  floxea  give*  reaction*  for  copper  oxide.     Schlk 

In  couoentrated  hydrochloric  acid,    t    •  ■\-  ■  '         -*    i 

Obs — Occurs  in  Thnringia ;  on  Elba,  in  cnbe*  ■  in  Cornwall ;  In  DeTooBhire ;  in  bMt^ 
eiyetala,  in  Utham&rc«,  at  CheMf,  near  Lyons,  wniob  are  generally  coated  with  maliditi. 
etc.  At  the  Bomerrille,  and  Flemington  oopper  minea,  N.  J.  ;  at  Cornwall,  Lebanm  Oa, 
Pa. ;  in  (be  Lake  Superior  region. 

HvDROCUPRiTK  {OtnOi). — A  bydrona  caprit«.  Oconrs  in  orange-yellow  coatlnfi  • 
magnetite.     Cornwall,  Lebanon  Co.,  Fa. 

i   ZINUITII.    Bed  Zinc  Ore.     Bothiinken,  Oerm. 

Hexagonal.  0  M  =  118°  T;c  =  1-6208.  Inqnartzoidsm'th  trnnotfed 
eumiiiite,  and  prismatic  faces  /.  Cleavage:  basal,  eminent;  prismitic, 
sfjuietiniesdistiuct.  Usual  in  foliated  grains  or  coarse  particles  and  aaaa\ 
alsofrranular. 

n.=-l-4-5.  G.=5-43-5-7.  Lustre  snbadamantiue.  Shi?ak  orange-jd- 
low.  Color  deep  red,  also  orange-yellow.  Translucent — snbtranslticeDt 
Fractiii-e  finbconchoidn.l.     Brittle. 


Oomp.— ZnO-Oiygen  1974,  rino  80-36=100;  containing  manganese  aa 

ingrediuiit.     The  red  color  is  due  probably  to  the  presence  of  mangKoeee  lesqniozid*,  cK' 
tainly  not  to  sculee  of  hematite. 
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nci  vto. — Heated  in  the  oloaed  tabe  blackena,  but  on  oooting  rcMomM  th«  original  ooiot. 
iniliuible ;  with  tbe  fluxes,  oa  the  platinam  wire,  gives  reaotioiu  for  muigBDese,  and  on 
coal  in  B.F.  gives  a  oostiog  of  line  oxide,  jallow  while  hot,  and  white  on  oooling'.  Ths 
Jig,  moisun^  wicb  00 bait  solntion  and  treated  in  R.F.,  aMomea  ft  green  color.  Solublo 
ads  without  efferreacenoe. 

M. — Occiua  with  (ranklinite  and  also  with  calcit«  at  Sttrlins  TTill  and  Uine  Bill,  SoMei 
N. /. 
iLCOZtNCm. — Impure  lindte  (mixed  with  CaCOi,  etc.).     Stirling  Hill,  N.  J. 

TBNOsmi.    Hklacohite.    fichwonkapferen  (EapferachwSrze),  0«rn%. 

)rthorhombie  (tenorite),  cryatals  frum  Vesuvnis,  Eartbv ;  massive  ; 
vemleDt  (melaconitej ;  also  in  shining  flexible  ecalesj  aleo  rarely  in 
€8  with  truncated  angles  {pBeudoinorpEons !). 

L=3,  G.=6-25,  massive  (Whitney).  Lustre  metallic,  and  color  steel  or 
i-gray  when  in  thiu  scales  ;  dull  and  earthy,  with  a  black  or  grayiBh- 
ik  color,  and  ordinarily  soiling  tlie  fingei-s  when  massive  or  pulverulent 

»ip^-CuO= Oxygen  201S,  copper  T9'8S=I00 

rr^  ate. — B.B.  in  O.F.  latnsible  ;  other  reactions  a*  for  oaprite  (p.  344).  Solable  Is 
Qchloric  and  nitric  adds. 

I*. — Found  on  lava  at  Teanviui  in  minute  scales ;  and  also  pulvemlent  (Scaorhi,  who 
the  name  melaoonise  for  tbe  minerBl).  Common  in  the  eartli;  tonn  tm«laamUe)  about 
er  mines,  as  a  resnlt  of  the  decomposition  of  chalcxipTrito  and  other  copper  ores.  Dnck- 
I  mines  in  Tenneaeee,  and  Keweenaw  Point.  L.  Superior 

SICI.ASITE. — Eeseotiallf  magnsniDm  oxide,  HgO,  or  mora  exaetl;  (Ug,Pe)0,  where 
Fe=30  ;  1,  or  80  1  1.     Mt.  Somma. 

nsKNiTE. — NiO.     Foond  at  Johanugeorgenstadt.     Tbe  oompoond  MnO  baa  been  found 
My  in  Wennlaud,  in  masaes  of  a  green  color,  and  with  cnbio  cleavage,     [ttlomstrand-] 
USiooT   (Bleigiatte).— FbO,   but  generally  impura.      Badenweiler,    Baden.      Hexioo. 
in'a  mines,  Ta. 
[DKABomiTE.— HgO ;  with  Bokdobite,  AgCl+HgCl,  at  Los  Bordoa,  Chilt 


(h)  Skbquioxides.     Geneka],  Fokhula  ftCV 

OORtniDUM. 

Jiombohedral.    J?Ai?  =  SGM',  (9Al{i?)  =  123°  26';  (123°  25',  Kok- 
irof) ;    6  =  1363.     Cleavage :    basal,   some-  462  468 

»  perfect,  but  interrupted,  coinmcnly  im- 
:ect  in  tlie  blue  variety;  rhombohedral, often 
EecL  Large  crvstals  usually  rough.  Twins: 
ipoeition-face  ^.  Also  massive  granular  or 
ftlpsble ;  often  in  layers  from  composition 
lUel  to  R. 

[.=9.  G.=3-909-4-16.  Lustre  vitreoas; 
etimcB  pearly  on  the  basal  planes,  and  occa- 
»lly  exhibiting  a  bright  opalescent  star  of 
raye  in  the  direction  of  the  axis.  Color  blue, 
yellow,  brown,  gray,  and  nearly  w}  ite ; 
ak  uncolored.  Transparent — translucent, 
ctare  conchoidal  —  uneven.  Exceedingly 
jh  when  compact 

mp.,  Var. — Pore  alumina  A]0(=0x3rgen  40'6,  aluminum  SS'3=100.     There  ai 


DXeCBIPTIVB  lONXBALOOT. 


Tar.   1.  SAPpniBB — Inclodea  the  parer  kinds  of  fine  colon,  fa 
nwful  aa  gems.     Stones  are  named  according  to  their  colors ;  trne  £u(y,  or  OrifiUtU  Btitf,  ■ 
red ;   0   Topiu,  ;ellow  ;   0.  Emembi.  green ;  0.  Ametiiytt,  purple,  | 

S.  Corundum. — ladndes  the  kinds  of  dark  oi  doll  colors  and  not  tmupkrent,  oolon  ligU 
bine  to  e"'''^'  brown,  and  bUck.  The  original  adamantiiie  spu  from  IiidM  haa  a  daA  gn?- 
iah  smok;-brown  tint,  but  greenish  or  bluish  by  tmnscaitted  light,  when  tranalnoeiit,  and 
either  in  distinct  crystals  often  large,  or  cleaTable-massiTe.  It  is  ground  and  lued  ■•  a  polish- 
ing material,  and  being  parcr,  is  anperiox  in  this  respect  to  emei?.  It  traa  thai  emplo^Ml  ia 
anoient  tiineB,  both  in  India  and  Europe. 

8.  EmerI,  Bchmii^el,  (7«rni.— Intrudes  grannlar  comndnm,  of  black  or  grayitli-black 
oolor.  and  contains  magnetite  or  hematite  intimately  mixed.  Feels  and  looks  mnoti  lOce  a 
bis ck  fine-grained  iron  ore.  vhich  it  was  long  considered  to  be.  There  are  gradatioiiB  from  the 
evenly  fine-grained  emery  .to  kinda  in  which  the  oorandnm  ia  in  distinot  oi7ttal&  Tlua  last 
is  tho  caae  with  part  of  Ibat  at  Chester.  Maaaachnaetts. 

Pyr.,  atc^^B.B.  unaltered  ;  slowly  disnolTcd  in  borax  and  salt  of  photphorria  to  a  deac 
l^aas,  which  is  colorless  when  free  from  iron  ;  not  acted  apon  by  soda.  The  finely  polTeriaed^ 
niiopial,  after  heating  with  cobalt  solntion,  gives  a  beautiful  blue  color.  Not  Bate&. 
upon  by  acids,  bat  converted  into  a  soluble  compound  by  fnsion  with  poUssintn  bianlpliat^w 
o[  soda  Friction  excites  eleotrioity,  and  in  polished  speoimena  the  ^ectrioal  atbadion  oon — 
tinuen  for  a  considerable  lengtli  of  Ume. 

Difl^— Distingniahed  by  its  hardneaa,  acratching  quart*  and  topas  ;  its  infuMbili^  and  it^ 
high  npecifio  gravity. 

Obs This  species  is  asaooiatod  with  DxyataUine  rocks,  as  granular  limeatone  or  dtdomit^^ 

gneins,  granite,  mica  alato,  chlorite  slate.  The  fine  aappbires  are  usually  obtained  from  th^ 
beds  of  rivers,  either  in  modifled  hexagonal  prisma  or  in  rolled  maaaes,  aocompaniad  by  grain — 
of  magnetic  iron  ore,  and  several  species  of  gems,  Tha  emety  of  Ailia  Uioor,  aooording  ^— 
Dr.  Smith,  occurs  in  granular  limestone.  

Sapphires  occur  in  Ceylon ;  the  East  Indies  \  China      Corundum,  at  St.  Gothard ;  in  Fie^H 
ttjont ;  Urals ;  Bohemia,     Emery  is  found  in  large  boulders  on  some  of  the  Oreciaa  iilamlK- 

ulso  in  Asia  Minor,  near  Ephetns,  et<3.     Id  M,  America,  In  Mnaachvlrtta,  at  Cheater,  OBWii 

dum  and  emery  in  a  large  vein ;  also  in  Westchester  Co. ,  N.  T.  In  Une  York,  at  Waiwit-w 
and  Amity.  In  Penn^^nania,  in  Delaware  Co.,  and  Chester  Co.  In  western  N.  CitTtiisxis 
at  many  localities  in  large  qnontitiea,  and  sometimes  in  ciystals  of  immense  sisa.  In  Ge»ryi^rs 
in  Cherokee  Co,  In  Cali/r>mia,  in  Los  Angeles  Co.  ;  in  the  gravel  on  the  Upper  If 
itiver  in  Montana. 


HEMATITB.    Specular  Ir<».    Eiseoglani 


Bothelseuen,  Germ. 


Uhombohedml.  .ffA5  =  S6''  lU',  0 A 7;  =  122°  30';  (5  =  1 -3591. 
y  A  f  2  =  118°  53',  (9  A  1»  =  103°  32,  .ff  A  f  2  =  154°  2'.  Cleavage :  par 
nllcl  tu  Ji  and  O;  often  indistinct.     Twiua:  twinuing-plane  Ji;  abo  ^ 


Vesuvius.  Elba.  Elba, 

(f.  207, p.  91).  AIbo  cfiliimnar — grannlar,  feotiyoidal,  and  Btalactitit;  shapes; 
bIbo  lamellar,  laniinse  joined  parallel  to  0,  and  variously'  bent,  thick  ot 
thin ;  also  granular,  friable  or  compact. 
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H.^5'6-6'5.  G.=4'5-5*3;  of  some  compact  varieties,  aa  low  as  4*2. 
LuBtre  metallic  and  occasionally  splendent ;  sometimes  earthy.  Color  dark 
8teel-gray  or  ii*on-black ;  in  very  thin  particles  blood-red  by  transmitted 
light;  when  earthy,  red.  Streak  cherry-red  or  reddish-browo.  Opaque, 
except  when  in  very  thin  laminse,  which  are  faintly  translucent  and  blood- 
red.  Fracture  subconchoidal,  uneven.  Sometimes  attractable  by  the 
magnet,  and  occasionally  even  magnetipolar. 

Oomp^  Var. — Iron  seaqaioxide,  ¥eO»^Oxygexi  80,  iron  70=100.  Sometimes  containing 
titaniam  and  magnesium. 

The  Tarieties  depend  on  texture  or  state  of  aggregation,  and  in  some  cases  the  presence  of 
imparities. 

Yar.  1.  Speeular.  Lustre  metallic,  and  crystals  often  splendent,  whence  the  name  8pecitk»r 
iron,  (b)  When  the  structure  is  foliated  or  micaceous,  the  ore  is  caUed  mieaceaus  hematite 
<Bteeng]immer).  2.  CompciGt  columnar ;  or  fibrous.  The  masses  of  ten  long  radiating ;  lustre 
■ubmetallic  to  metallic ;  color  brownish-red  to  iron-black.  Sometimes  called  nd  hematite^ 
the  name  hematite  among  the  older  mineralogists  including  the  fibrous,  stalactitic,  and  other 
tdid  massive  varieties  of  this  spedes,  limonite,  and  tui^te.  8.  Jied  Mtreouti.  Bed  and 
earthy.  Often  specimens  of  the  preceding  are  red  ochreous  on  Bome  parts  Ueddle  said  r*d 
ekaik  are  red  ochre,  mixed  with  more  or  less  clay.  4.  Clay  Iron-stone  ;  ArgUlaeeous  lumatite. 
Hard,  brovmish-black  to  reddish-brown,  heavy  stone ;  often  in  part  deep-red  ;  of  submetallio 
to  nnmetallic  lustre  ;  and  affording,  like  all  the  preceding,  a  red  streak.  It  consists  of  iron 
•esquioxide  with  clay  or  sand,  and  sometimes  other  impurities. 

Pyr.,  etc. — B.B.  infusible;  on  charcoal  in  R.F.  becomes  magnetic ;  with  borax  in  O.F. 
giyes  a  bead,  which  is  yellow  while  hot  and  colorless  on  cooling ;  if  saturated,  the  bead 
appears  red  while  hot  and  yellow  on  cooling ;  in  B.F.  gives  a  bottle-green  color,  and  if  treated 
on  charcoal  with  metallic  tin,  assumes  a  vitriol-green  color.  With  soda  on  charcoal  in  RF. 
Is  reduced  to  a  gray  magnetic  metallic  powder.     Soluble  in  concentrated  hydrochloric  acid. 

X>i£L — Distinguished  from  magnetite  by  its  red  streak,  also  from  limonite  by  the  same 
means,  as  well  as  by  its  not  containing  water  ;  from  turgite  by  its  greater  hardness  and  by 
its  not  decrepitating  B.B.    It  is  Jiard  ;  and  infusible. 

Obs. — This  ore  occurs  in  rocks  of  all  ages.  The  specular  variety  is  mostly  confined  to  ciys- 
talline  or  metamorphio  rocks,  but  is  also  a  result  of  igneous  action  about  some  volcanoes,  aa 
at  Vesuvius.  Trayersella  in  Piedmont  *  the  island  of  Elba,  afford  fine  specimens ;  also  St. 
Gothard,  often  in  the  form  of  rosettes  {JSisenrose,,  and  Cavradi  in  Tavetsch;  and  near  Limoges, 
France.  At  Etna  and  Vesuvius  it  is  the  result  of  volcanic  action.  Arendal  in  Norway,  Long- 
ban  in  Sweden,  Framont  in  Lorraine,  Dauphiuy,  also  Cleator  Moor  in  Cumberland,  are  other 
localities. 

In  If.  Amerieay  widely  distributed,  and  sometimes  in  beds  of  vast  thickness  in  rooks  of  the 
Arohsean  age,  as  in  the  Marquette  r^on  in  northern  Michigan ;  and  in  Missouri,  at  the  Pilot 
Knob  and  the  Iron  Mtn. ;  in  Arizona  and  New  Mexico.  Some  of  the  localities,  interesting 
for  their  specimens,  are  in  northern  New  York,  etc.;  Woodstock  and  Aroostook,  Me.;  at 
Hawley,  Mass. ;  at  Piermont,  N.  H. 

This  ore  affords  a  considerable  portion  of  this  iron  manufactured  in  different  countries.  The 
varieties,  especially  the  specular,  require  a  greater  degree  of  heat  to  melt  than  other  ores, 
but  the  iron  obtained  is  of  good  quality.  Pulverised  red  hematite  is  employed  in  polishing 
metals,  and  also  as  a  coloring  material.  The  fine-gnrained  massive  variety  from  England 
(bloodstone),  showing  often  beautiful  conchoidal  fracture,  is  much  used  for  burnishing  metals. 
Red  ochre  is  valuable  in  making  paint. 

Martite  is  iron  sesquioxide  under  an  isometric  form,  occurring  in  octahedrons  or  dodeca- 
bedrons  like  magnetite,  and  supposed  to  be  pseudomorphons,  mostly  after  magnetite.  H.  = 
J-7.  G.  =4 -809-4 -832,  BrazU,  Breith. ;  5*33,  Monroe,  N.  Y.,  Hunt.  Lustre  submetalUc. 
Cfdor  iron-black,  sometimes  with  a  bronzed  tarnish.  Streak  reddish-brown  or  purplish-brown. 
Praoture  oonchoidal.  Not  magnetic,  or  only  feebly  so.  The  crystals  are  sometimes  imbed- 
led  in  the  massive  sesquioxide.  They  are  distinguished  from  magnetite  by  their  red  streak, 
ind  yezy  feeble,  if  any,  action  on  the  magnetic  needle. 

Found  in  Vermont  at  Chittenden;  in  the  Marquette  iron  region  south  of  L.  Superior; 
iasa  lake,  Canada  West ;  Digby  Neck,  Nova  Scotia ;  at  Monroe,  N.  Y. ;  in  Moravia,  near 
hshonberg,  in  granite. 


/ 


BSBNAOOANrra.    Ilmenite.     Titanic  Iron  Ore.     Titaneisen,  Oerm. 

Eliombohedral ;  tetartohedi-al  to  the  hexagonal  type.    H ^R  =  85**  SV 


318 


DESGBIFTnrB  KSSESLALOQrY. 


470 


56"  (Koksch.),  i  =  1'38468.    Angles  nearly  as   in  hiematite.     Often   a 

cleava^  parallel  with  the  tenninal  plane,  bnt 
probably  due  to  planes  of  composition.  Crystals 
uBually  tabular.  Twins:  t winning-plane  0; 
sometimes  producing,  when  repeatoa,  a  form 
resembling  f.  468.  Often  in  thin  plates  ur 
laminae ;  massive ;  in  loose  grains  as  sand. 

H.=5-6.  G.= 4*5-5.  Lustre  submetallic. 
Color  iron-black.  Streak  submetallic,  powder 
black  to  brownish-red.    Opaque.     Fracture  con- 

choidal.   Influences  slightly  tlie  magnetic  needle. 

Oomp.,  Var. — (Ti,Fe))03  (or  hematite,  with  part  of  the  iron  replaced  by  titanium),  tihepio 
|>ortion  of  Ti  to  Fe  varying.     Mosander  assumes  the  proportion  of  FeO  :  TiO*  to  be  alwaji 
1:1,  and  that  in  addition  yariable  amounts  of  FeO*  are  present  in  the  different  varietifl&. 
The  extensive  investigations  of  Rammelsberg  have  led  him  to  write  the  formula  like  Moean- 
der  (FeO,TiO,)-huFeO,  (notice  here  that  FeO,TiOg=ftO,).     This  method  has  the  adyantaflrc 
of  explaining  the  presence  of  the  magnesium,  oocurringr  sometimes  in  considerable  amoant«  it 
replacing  the  iron  (FeO).    The  first  formula  given  requires  the  assumption  of  MgtO».    Frie^^ 
and  Guerin  have  recently  discussed  the  same  subject  (Ann.  Ch.  Phys.,  V.,  viii.,  38,  1876). 

Sometimes  contains  manganese.     The  varieties  recognized  arise  mainly  from  the  proporti^ 
of  iron  to  titanium.     No  satisfactory  external  distinctions  have  yet  been  made  out. 

The  following  analyses  wiU  illustrate  the  wide  range  in  composition : 

TiO, 

1.  nmeuMte.,i;m0/2ftd  40*92 

2.  Suarum  1002 

3.  Warwick,  N.  Y.         67-71 

P3rr.,  etc. — B.B.  infusible  in  O.F.  although  slightly  rounded  on  the  edges  in  R.  P.  W^m^ 
borax  and  salt  of  phosphorus  reacts  for  iron  in  O.F. ,  and  with  the  latter  flux  aasumes  a  nL^>-> 
or  less  intense  brownish-red  color  in  R.F.  ;  this  treated  with  tin  on  charcoal  changBS 
violet-red  color  when  the  amount  of  titanium  is  not  too  small.  The  pulverised  min< 
heated  with  hydrochloric  acid,  is  slowly  dissolved  to  a  yellow  solution,  which,  filtered 
the  undecomposed  mineral  and  boiled  with  the  addition  of  tin-foil,  assumes  a  beautiful  btl^ 
or  violet  color.     Decomposed  by  fusion  with  sodium  or  potassium  bisulphate. 

Diff. — Resembles  hematite,  but  has  a  submetallic,  nearly  black,  streak. 

Obs. — Some  of  the  principal  European  localities  of  this  species  are  :   Krageroe,  Egersiu 
Arendal,  Norway ;  Uddewolla,  Sweden ;  Ilmen  Mts.  {ilmeniU) ;  Iserwiese,  Riesengebiige  (wtfT- 
ine) ;  Aschaffcnburg ;  Eisenach ;  St.  Cristophe  {cricfitoniU). 

Occurs  in  Warwick,  Amity,  and  Monroe,  Orange  Co.,  N.  Y. ;  also  near  Edenville ;  at  GbM- 
ter  and  South  Royalston,  Mass.  ;  at  Bay  St.  Paul  in  Canada;  also  with  labradorite  at  Ch£teaa 
Richer.    Grains  are  found  in  the  gold  sands  of  &alifor£ia. 


FeO. 

FeO 

MnO 

MgO 

10-74 

37-86 

2-73 

l-14=99-39,  Mosander. 

7717 

8-52 

1-33,  AlO,  1  •46=98-50,  Ram 



26*82 

0-90 

13-71=99-14,  Ramm. 

•Isometric,  Rose  (fr.  Ural).  Habit  cubic,  with  secondary  planes  incom- 
pletely developed ;  in  cubes,  octahedrons,  and  cnbo-octahedrons,  from 
Arkansas.  Twins:  twinning-plane  octahedi-al,  Magnet  Cove,  Ark.;  also 
like  f.  27^),  p.  93,  Achmatovsk.  Cleavage:  parallel  to  the  cubic  faces 
rather  j^erfect. 

11.=: 5*5.  G.=4-02-4*04:.  Lustre  metallic — adamantine.  Color  pale 
yellow,  honey-yellow,  orange-yellow,  reddish-brown,  grayisli-black  to  irou- 
black.  Stieak  colorless,  grayish.  Transpai'ent  to  opaque.  Double  refract 
ing. 
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a+Ti)Ot={K)t=Titanio  oxide  59*4,  Ume  40*6=100. 

-In  the  foroepa  and  on  oharcoal  infusible.     With  salt  of  phosph<»iiB  in  O.F.  dis- 

giving  a  bead  greenish  while  hot,  which  beoomes  colorless  on  oooling;  in  R.F. 

iges  to  grayish-green,  and  on  oooling  assumes  a  yiolet-blue  color,     ^tiiely  de« 

boiling  sulphuric  acid. 

irs  at  Achmatovsk  in  the  Ural ;  at  Scheelingen  in  the  Kaisersthul ;  in  the  vallej 

at  Wildkreuzjoch  in  the  Tyrol.     Also  at  Magnet  Cove,  Arkansaa 

iz  has  found  that  the  yellow  crystals  from  Zermatt  have  a  complex  twinned 

1  are  optically  biaxial     Kokscharof,  in  his  latest  investigations,  has  shown  that 

pecimens  also  exhibit  phenomena  in  polarized  light  analogous  to  those  of  biaxial 

gh  irregular.     He  proves,  however,  that  crystallographically  the  crystals  ex- 

m  were  unquestionably  isometric,  and  adds  also  that  almost  all  the  Russian 

stals  are  penetration -twins.     The  latter  fact  explains  the  commonly  observed 

ihe  cubic  planes,  as  also  the  incompleteness  in  the  development  of  the  othei 

f  ers  the  optical  irregularities  to  the  want  of  homogeneity  in  the  crystals.    Des- 

aks  of  indoeed  lamellae  of  a  doubly-refracting  substance  analogous  to  the  para- 

«  crystals  (p.  154). 

lKITE. — A  decomposition-product  of  perofskite  crystals  from  Magnet  Cove, 

orm  retained  but  color  olumged  to  yellowish-gray  (Kcenig). 


)UHDs  OP  Protoxides  and  Sesquioxides,*  RftO^(or  RO+ttOj). 
Spmd  Oroup.     Isometric  (Octahedral). 

SPINBL. 

B.    Habit  octahedral.     Faces  of  octahedron  sometimes  couvex, 

octahedral.     Twins :  twinning-plane  1. 

G.=;3'5-4'l.     Lustre  vitreous;  splendent —  4^^ 

.     Color  red  of  various  shades,  passing  into 

I,  yellow,  brown,  and   black;   occasionally 

ite.      Streak   white.      Transparent — nearly 

ractnre  couchoidal. 


r. — The  spinels  proper  have  the  formula  MgA104( =MgO 
.  other  word8  contain  chiefly  magnesium  and  aluminum, 
er  replaced  in  part  by  iron  (Fe),  calcium  (Ca),  and  man- 
and  the  latter  by  iron  (Fe).  There  is  hence  a  grada- 
B  containing  little  or  no  magnesium,  which  stand  as 
es,  viz.,  Hercynite  and  GaJinite,  MgA104= Alumina 
28=100. 

Vy,  or  Magnesia  Spine^.  — Clear  red  or  reddish  ;  transparent  to  translucent ; 
^translucent.  G-.  =3 '52-3 '58.  Composition  MgA^104,  with  little  or  no  Fe,  and 
romium  as  a  source  of  the  red  color.  2.  Cef/lonlte,  or  Iron-Magnesia  J^pind, 
een,  brown  to  black,  mostly  opaque  or  nearly  so.  G.  =3 '5-3 '6.  Composition 
tlOi.  Sometimes  the  .-^1  is  replaoed  in  part  by  Fe.  3.  Pi4Sotite.  Contains  over 
3mium  oxide.  Color  black.  Lustre  brilliant.  G.  =4*08.  The  original  was 
ocnrring  about  L.  Lherz,  called  LJierzdite, 

-B.B.  alone  infusible ;  the  red  variety  turns  brown,  and  even  black  and 
e  temperature  increases,  and  on  cooling  becomes  first  green,  and  then  neur!y 
at  last  resumes  the  red  color.  Slowly  soluble  in  borax,  more  readily  in  soil  of 
dth  which  it  gives  a  reddish  bead  while  hot,  becoming  faint  chrome-green  on 

rounds  here  considered  are  sometimes  regarded  as  salts  of  the  aoid«.  HiilOip 
minates,  ferriieSy  eta 
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cooling.  The  black  yazietiQS  give  reactionB  for  iron  with  the  flaxes.  SolnJble  with  difficulty 
in  oonoent  rated  sulphuric  acid.     Decomposed  by  fusion  with  sodium  or  potassium  bisulphate. 

Diff. — Distingnished  by  its  octahedral  form,  hardness,  and  inf usibility ;  magnetite  is 
attracted  by  the  magnet,  and  zircon  has  a  higher  specific  gravity. 

Obs. — Spinel  occurs  imbedded  in  granular  limestone,  and  witii  calcite  in  serpentine,  gneiai, 
and  allied  rocks.  It  also  occupies  the  cavities  of  masses  ejected  from  some  volcanoMBs,  «.^., 
Mt.  Somma. 

Fine  spinels  are  found  in  Ceylon ;  in  Siam,  as  rolled  pebbles  in  the  channels  of  rivers. 
Occur  at  Aker  in  Sweden  ;  also  at  Monzonl  in  the  Fassathal. 

From  Amity,  N.  Y.,  to  Andover,  N.  J.,  a  distance  of  about  30  miles,  is  a  region  of  granular 
limestone  and  serpentme,  in  which  localities  of  spinel  abound ;  numerous  about  Warwick, 
and  at  Monroe  and  Cornwall.  Franklin,  sterling,  Sparta,  Hamburgh,  and  Yeznon,  N.  J., 
are  other  localities.     At  Antwerp,  Jefferson  Co.,  N.  T. ;  at  Bolton  and  elsewhere  in  Mass. 

Hekctnti^k.— Fei^Oi  (or  FeO+^lOt).     Color  black.    Msssive.     Bohemia. 

Jacobsitb  (JDamour). — BHOi,  or  (Mn,Mg)  (Fe,Mn)04.  Color  deep  black.  Ocouib  in  dis- 
torted octahedrons  (magnetio)  in  a  orystallme  limestone  at  Jaoobsberg,  Sweden. 


OAHNim.    Zinc  Spinel. 

Isometric.     In  octahedrons,  dodecahedrons,  etc.,  like  spinel. 

H.=7'5-8.  G.=4-4'6.  Lustre  vitreous,  or  somewhat  greasy.  Color 
dark  green,  gi-ayish-green,  deep  leek-green,  greenish-black,  bluish-black, 
yellowish-  or  grayish-brown ;  streak  grayish.     Subtranslucent  to  opaque. 

Oomp.,  Var. — ZnM04=  Alumina  61  '3,  oxide  of  zinc  88*7=100;  with  little  or  no  magnesium. 
The  zinc  sometimes  replaced  in  small  part  by  manganese  or  iron  (Mn,Fe),  and  the  aluminum 
in  part  by  iron  (Fe). 

Yar.  1.  ^u^(;m<7/^^,  or  Z»7ic  ^oAmt^  /  with  sometimes  a  little  iron.  G.  =4*1-4*0.  Colors  as 
above  given.  2.  Dj/duiU,  or  Zinc-Manganeae-Iron  OaliniU.  Composition  (Zn,Fe,Mn) 
(::^l,Fe)04.  Color  yellowish-brown  or  erayish-brown.  G.  =4-4'6.  Form  the  octahedron,  or 
the  same  with  truncated  edges.  3.  KreiUaniU^  or  Zinc- Iron  OdhniU.  Composition  (Zn, 
Fe,Mg){M,Fe  O4.  Occurs  in  crystals,  and  g^ranular  massive.  H.=7-8.  G.  =4*48-4*89. 
Color  velvet  to  greenish-black ;  powder  grayish-green.     Opaque. 

Pyr.,  etc. — Gives  a  coating  of  zinc  oxide  when  treated  with  a  mixture  of  borax  and  soda 
on  charcoal.     Otherwise  like  spinel. 

Obs. — Automolite  is  found  at  Fabhin,  Sweden;  Franklin,  N.  Jersey  ;  Canton  mine,  Ga. ; 
DysluUe  at  Sterling,  N.  J.  ;  Kreittonite  at  Bodenmais  in  Bavaria. 


V 


MAGNETmi.    Magnetic  Iron  Ore.     Magneteisenstein,  Magneteisenerz,  Oerm. 

Isometric.     The  octahedron  and  dodecahedron  the  most  common  forms. 

472  474  475 


AohmatovalL  Haddam. 

Fig.  4:75  is  a  distorted  dodecahedron.    Cleavage :  octahedral,  perfect  to 
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pfect.  DcKiecahedral  faces  commonly  striated  parallel  to  tlie  longer 
•nal.  Twins :  twinning-plane,  1 ;  also  in  dendrites,  branching  at  angles 
►**  (f.  277,  p.  93).  Massive,  structure  granular — particles  of  various 
sometimes  impalpable. 

=5-5-6-5.  6.=4*9-5-2.  Lustre  metallic — submetallic.  Color  irou- 
;  streak  black.  Opaque ;  but  in  mica  sometimes  tmnsparent  or 
y  so ;  and  varying  from  almost  colorless  to  pale  smokv-brown  and 
:.  Fracture  subconcboidal,  shining.  Brittle.  Strongly  magnetic, 
dmes  possessing  polarity. 

ip.,  Var.— FeFeO*  (or  Fe,04)=FeO-hFeO,= Oxygen  27-6,  iron  72-4=100 ;  or  iron  see- 
de  68*97,  iron  protoxide  3103=100.  The  iron  sometimes  replaced  in  smaU  part  by 
fiiam.    Also  aometimes  titaniferons. 

n  the  normal  proportion  of  Fe  to  Fe,  1:1,  there  is  occasionally  a  wide  variation,  and 
gpradaal  passage  to  the  sesqoioxide  FeOa ;  and  this  fact  may  be  regarded  as  evidence 
le  octahedral  FeOs,  martite,  is  only  an  altered  magnetite. 

:.,  etc. — B.  B.  very  difficultly  fusible.  In  O.F.  loses  its  influence  on  the  magnet.  -  With 
ixes  reacbi  like  hematite.     Soluble  in  hydrochloric  acid.  ^ 

« — Distinguished  from  other  members  of  the  spinel  group,  as  also  from  garnet,  by  its 
attracted  by  the  magnet,  as  well  as  by  its  high  specific  gravity.  Also,  when  massive, 
black  streak  from  hematite  and  limonite. 

u — Magnetite  is  mostly  confined  to  crystalline  rocks,  and  is  most  abundant  in  metamor- 
ocks,  though  found  also  in  grains  in  eruptive  rocks.  In  the  Arohaaan  rocks  the  beds  are 
nense  extent,  and  occur  under  the  same  conditions  oA  those  of  hematite.  It  is  an  ingre> 
in  most  of  the  massive  variety  of  corundum  called  emery.  The  earthy  magnetite  ia 
in  bogs  like  bog-iron  ore. 

ensive  deposits  occur  at  Arendal,  Norway  ;  Dannemora  and  the  Taberg  in  Smaoland ; 
>land.  Fahlun  in  Sweden,  and  Condca,  afford  octahedral  crystals. 
N.  America,  it  constitutes  vast  beds  in  the  Archaean,  in  the  Adirondack  region,  in 
em  N.  York ;  also  in  Canada ;  at  Cornwall  in  Pennsylvania,  and  at  Magnet  Cove, 
aaa.  Also  found  in  Putnam  Co.  (Tilly  Foster  Mine),  N.  Y.,  etc.  In  Conn.^  at  Haddam. 
»n. ,  at  Chester  Co.  :  in  mica  at  Pennsbuiy.  In  California^  in  Sierra  Co.  ;  in  Plumaa 
nd  elsewhere.     In  N.  Scotia^  Digby  Co.,  Nichol's  Mt. 

3KE8IOFEBRITB  {jnagnoferrite). — ^MgFeO^.  In  octahedrons;  resembling  magnetite. 
iuB. 


FRANKUMTTB.       ^^ 

>metric.     Habit  octahedral.     Cleavage:  octahedral,  indistinct.     Also 
ive,  coarse  or  fine  granular  to  compact. 

=5-5-6-5.     G.=5-069.     Lustre   metallic.     Color  iron-black.     Streak 
reddish-brown.   Opaque.    Fracture  conchoidal.   Brittle.  Acts  slightly 
le  magnet. 

np<— (PdiZn,M^{Fe,Mn)04,  or  corresponding  to  the  general  formula  of  the  spinoi 

,  though  varyMKnuch  in  relative  amounts  of  iron,  zinc,  and  manganese.     Analysis, 

Qg  Hai,  N.  J.,  fFeOa  «7-42,  AID,  OGo,  FeO  15  05,  ZnO  6-78,  MnO  9  53=10012,  Seyms. 

do  for  B  :  B=l :  1  nearly.     In  a  crystal  from  Mine  Hill,  N.  J.,  Seyms  found  4*44  p.  a 

. 

I  erolntion  of  chlorine  in  the  treatment  of  the  mineral  is  attributed  by  v.  Kobell  to  the 

loe  of  a  little  MnOs  (0.80  p.  c.)  as  mixture,  which  Rammelsberg  observes  may  have 

from  the  oxidation  of  some  of  the  protoxide  of  mangpanese. 

tpiflto. — B.B.  infusible.     With  borax  in  O.F.  gives  a  reddish  amethystine  bead  (man- 

b),  and  in  B.F.  this  becomes  bottle-green  firon).     With  soda  gives  a  bluish -green  man- 

B,  and  on  charcoal  a  faint  coating  of  zinc  oxide,  which  is  much  more  marked  when  a 

jre  of  borax  and  soda  ia  used.     Soluble  in  hydrochloric  acid,  with  evolution  of  a  small 

at  of  chlorine. 

t — ^Resembles  magnetite,  bat  is  only  slightly  attracted  by  the  magnet ;  it  also  reaofai 

ic  on  charcoal  B.B. 


£53  DEaOBlPnVB  hinekaloot. 

Oba. — Ooonn  in  onbio  oiTEtala  nsar  Btbaoh  ii 
aear  Aix  la  Cbapelle.     Abundant  a    ~ 
Scii'lliig  Hill,  in  tjie  aune  region. 

/ 

OHROMITU.    Chromio  Iron.     ChiomeiMiMteln,  ff«rnt. 

iBomctric     In  octahedrons.     Coiiinionly  masaive;  Btractnre  fine  granu- 
lar or  ootiipact.  ■ 

II.=5-5.    G.=4-321-4-568.    Lustre  sabmetalUe.    Streak  brown.    Colw  I 

between    iron-black   and   brown ish-blauk.      Opaque.      Ffactnre   nneveu.  I 

Brittle.     Sometimes  magnetiu.  1 

Comp^-PeerO,,  or  (Pe.Sfe.Cr)  (Al,Fe,er)0..     FeeiOi=Ironprotoxide33,  chrominaMa-      1 

quioxide  OS=100.     Hagaeua  ia  generally  present,  and  in  amonnCs  varTinj;  from  6-24  p-  o.  ] 

Pyr.,  eto. — B.B.  in  O.F.  infasible;  in  B.F.  aL^hU;  roonded  on  the  edge*,  and  beotmct 
magnetio.  With  borax  and  salt  of  phogphomB  givee  beads,  which,  while  hot,  show  only  t 
reaction  for  iron;  but  on  cooliog  become  chrome -green ;  the  green  color  ia  heightened  "fc* 
fusion  on  nbarcoal  with  metallic  tin.  Not  acted  upon  b;  acida,  but  deoomposed  by  fiiaS.<:D 
with  potassium  or  sodium  bisiUphate, 

JiiS. — DiBtlngniBbed  from  magnetite  by  the  reaction  for  chromic  acid  with  the  blowpipes  . 

Oba. — Occara  in  aerpentioe,  forming  veins,  or  in  imbedded  mosaea  It  OBBlEta  in  giTing  •^.it 
variegated  color  to  verde -antique  marble.     AIbo  occurs  in  meteorites. 

Ocean  in  Syria ;  Shetland  ;  in  Norway ;  in  the  Department  da  Var  ia  France ;  in  Sil^^iii 
and  Bobemiu  ;  in  the  Vroln ;  in  New  Cotedonia.  At  Baltimore,  Md.,  in  the  Bare  HUla  ^  al 
OooptowD.  In  Pennsylvania,  in  Chester  Co,  ;  at  Wood's  Mine,  near  Texoo,  lAnoaater  CLZ^> 
etc     Cheater,  Mow.     In  Oalifomia,  in  Monterey  Co.,  etc. 

This  ore  affords  the  ohroraium  oxide,  used  in  painting,  etc.  The  ore  employed  in  EngL  .^uA 
is  obtained  mostly  from  Baltimore,  Drontbelm  in  Norway,  and  the  Shetland  lales. 

CuuollPlCOTiTB  (Petersen) — A  maguesian  chroioite.     Color  blook.     New  Zeaload. 


OHRYSOBBRTIb 


Ortliorhombic     7a  7=  129°  38',  0 


\U  =  129''l';  <J:X:<J  =  l-22^: 
2-1267:1.     *-tAl  =136''62',C:— *A 
2-3  =  128°  52'.  uf  A  1-i  =  120-     T- 
Plane  i-l  vertically  striated;  ^™  . 
BoinetiincB  also  i-i,  and  other  wM'^'- 
eal   planes.     Cleavage;    l-l   qi»ite 
distinct;   i-1  in^j^^ect ;   i-i  ni<:»™ 
so.     Twins:  twinning-plaiie  Si-,  "^ 
in  f,  477  {sec  p.  97),  made  np  t>f^ 
pai-ts  hy  tbe  crossing  of  3  cryBta'ft 
H.=8-5.     Q.=3-5-3-84.   Lnstre 
vitreous.     Color    RsparagiiB-gree"! 
Norway,  M«.  Alexandrite.  grass-green,  emeralrf-green    green- 

ish-white,     and     yeUowish-greeni 
iometiines  raspberry  or  cohimbine-red  by  transmitted  ligbt.     Streak  uucol- 
ored.     Transparent— translucent.     Sometimes  a  bluiali  opalescence  iottr 
^•Uy.     Fractnre  conchoidal,  i 
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▼kt.  1.  Ordinary.—Coloi  pale  ^reen.  being  colored  ti7  Iron.  <i.  =8.697,  Haddam ;  8-734 
SiBdl ;  S-689,  Ural,  BoM  ;  SSSS,  OrenbuiK.  Kokscharof.  2.  AleaianiiriU.—Golot  emei«ld- 
CTsmi,  bat  oolnnibiDe-red  by  tnutsmitted  light.  G.=S'Mi,  tsean  ot  raaulto,  Eokoohaiof. 
Snppoaed  to  be  colored  bj  ohiome.  CijbMb  often  very  laige,  and  In  tviiw,  like  t.  477, 
either  aii-eided  or  Bix-n7«d. 

Oomp.— Be:V10,  =  Aliiiiiiiia80-3.  glDoma  19'6=100.  Iicoi  Is  also  often  present,  thon^  not 
In  the  tranaparent  varietiea.    Iramorphoiia  with  ohiysolite. 

Pyr^  etc. — B.  B.  alone  Donltered  ■  with  aoda,  the  aniface  ia  merely  rendered  dull.  With 
btnmx  or  mlt  of  phoephoros  fnnea  with  great  diffloallr.  With  cobalt  aotntion,  the  powdered 
mineral  grres  a  blniah  color.     I7ot  acted  upon  by  adds. 

THB. — D'atingniahed  by  its  extreme  hanlnew,  greater  than  that  of  topai  -  and  ita  infnai' 
bOity ;  also  oharaoteriied  by  ita  tabntar  oiystalliutioi),  in  oontraat  with  bet;! 

Ohs.— In  Braail  and  also  Ceylon ;  at  Harchendorf  In  Moravia  ;  in  the  Un^ ;  In  the  Xonme 
Tlbr,  Ireland;  at  Haddam,  Ct  :  at  Norway,  He. 

When  tran^iarent,  and  of  iniffloient  die,  chrysobeiyl  la  out  with  faoeta,  and  forms  m  bMnU- 
(U  jaUowiah-gi«en  gem.     If  opalesoent,  it  ia  Dsoally  ont  4n  taboeAon, 


(d)   DErTOXtDEB,    R0|. 

Jiviile  Groiy>.    Tetragonal, 
OASBRBBITB.    Tin  Btone.    Zinnsteln,  Zinnen,  Gmm. 


y 


Tetrafconal.  0^1-i  =  14Q°  5';  ^  =  0-6724.  lAl,  pyr.,  =  131'>  40'; 
y  A 1  =  133°  34' ;  1-t  A  1-i,  p;yr.,  =  133°  31'.  Cleavage :  /  and  i-i  hardly 
iSiatinct  Twins:  f.  478,  twinning-plane  1-i;  producing  often  complex 
Corms  throngh  the  many  modifying  planes ;  Bometimes  repeated  pamllcl  to 
all  tlie  eight  planes  14 ;  also  f,  480,  a  met^nic  twin.  Often  in  reniforni 
afaapee,  Btracture  fibrouB  divergent ;  also  massive,  granular  or  impalpable. 


^ 


H.=6-7.  6.=6'4-7'l.  Lustre  adamantine,  and  crystals  nsnally  spleu- 
dent.  Color  brown  or  black ;  sometimes  red,  gray,  white,  or  yellow. 
Streak  white,  grayish,  brownish.  Nearly  transparent— opaque.  Fracture 
•aboOQoboida],  uneven.     Brittle. 

Twr-1.  OrMnarjf,  TEn-abme.  &i  oryatala  and  nuwdTO.  G.  of  wdinaiT  cryst.  6-M ;  of 
eobrieaa,  from  Tipnani  B.,  BoUtik,  e-88a,  Forhea.  2.  Wood  Tin  (Holi-Zinn,  Qtm.).  Ia 
bobToldftl  and  rwiform  ^lapea,  oonoonttia  In  steootnre,  ai^  radiated  flbroiu  intenaUy, 
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ftlthoogflt  T«i7  oompAot,  with  the  color  biowiudi,  of  mixed  ah&dei,  lookiiig  MnnmrliBt  llkA-di] 
wood  in  its  colon.  G.  of  one  Toriet;  S'514.  ^eam  tm  ii  uothmg:  bat  the  ore  in  tho  stett 
of  wind,  aa  ib  ooonn  along'  the  beds  of  atremma  or  in  the  gntel  of  th«  adjoinintf  ngiiB. 
It  hBH  been  deriyed  from  tin  veina  or  rooks,  through  the  wear  and  decompoution  of  the  tockl 
and  troDsportAtion  b;  water. 

Oomp.— SnO,=Tin  786,  oijpm  3!-4=100. 

Pyr.,  etc.^B.B.  alone  noaltered.  On  oharooal  with  aoda  rednoed  to  metallla  tin,  ttd 
given  a  white  coating.  With  the  flaies  aometiroeB  girei  raaotiona  foE  inm  knd  mangantw, 
and  more  mielj  for  tantalio  oxide.     Onl;  slightly  acted  npoQ  bj  acida. 

DiS.— Distingniahed  by  its  high  apeciao  gravity,  iU  infaaibilitr,  and  by  ita  jielding  irmtjlHn 
tin  B.B.  from  some  TariatieH  of  garnet,  apbalerite,  and  black  tonnnalitie,  to  which  is  by 
Mm«  reaemblanoa.     Speoifio  gravity  (G'S)  higher  than  that  of  rutile  (4). 

Oba. — Tin  ore  ia  met  with  in  veini  travGrsing  granite,  gneiia,  mica  achiat,  chlorit*  or  efaj 
■chict,  and  porphyry.  Oocqtb  in  Cornwall ;  in  D«Tonahire j  in  Bofaemia  and  Saxony ;  it 
Limoges  ;  alao  in  Otdlda ;  Greenland  ;  Sweden,  at  Finbo  ;  Finland,  at  Pitkanmta.  In  dw 
R  Indies ;  in  Victoria  and  New  South  Wales ;  in  large  qnantitiaB  in  Qaeenaland.  In  Bolint, 
B.  A, ;  in  Hexioo. 

In  the  United  Stfttea,  rare  ;  ialfaine,  at  Paiia;  in  If.  Samp.,  at  I^mo;  In  Cali/brKia,ia 
San  Bernardino  Co. ;  in  l^dho.  Dear  Boonville. 


Tetragonal  Oh\-i  =  147°  12i',  i  =  0-6449.  1  Al,  pyr.,  =  128°  7i', 
IM  =  132°  20',  Cleavage :  /  and  i-i,  distinct ;  1,  in  traces.  Tertiwl 
planes  usually  striated.  Crystala  often  acicnlar.  Twins :  (1)  twinning-plnw 
1-*  (see  p.  94).  (2)  3-t,  making  a  wedge-shaped  crystal  consisting  of  t«o 
individuals.  (3)  1-i  and  3-i  in  the  Earae  crystal  (fr.  Magnet  Cove,  Hessen- 
berg).     Occasionally  compact,  massive. 


arBTeiUtn.,Q«- 

H.=6-e-6.  G.=418-4-25.  Lustre  metallic-adamantiue.  Color  red- 
dish-brown, passing  into  red;  sometimea  yellowish,  blnish,  violet, blacit; 
rarely  erass-green.  Streak  pale  broivn.  Subtransparent — opaque.  Knw- 
turo  subcoiichoidal,  uneven.     Brittle. 

Oomp^Var.— Titanloffride,  TiO,=Oiygen  89,  tHaninm  61  =  100.  Sometime*  a  Uttl*  Ira 
laproMQt. 

Pyr.,  etc.— B.B.  infosible.  With  salt  of  phosphonis  giyea  a  coloileM  bead,  which  IsBF. 
aaaumes  a  Tiolet  oolor  on  cooling.  Moat  Torieties  contain  iron,  and  give  a  browniah-yello* 
or  red  bead  in  R.F.,  the  violet  only  appeiuing  after  treatment  of  the  bead  with  motallictil 
on  oharooal.  Inaolable  in  acids ;  made  *oluble  by  fusion  with  an  alkali  or  aDuJlDe  orbwl* 
.  The  aulntlon  containing  on  excesa  of  add,  with  the  addition  of  tin-foil,  gi?w  a  bMXtU 
"""■  '  '  "'it  when  conaentrat«d. 
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knoterized  by  its  peculiar  sab-adamantme  Instare,  and  brownish-zed  color.  Diffen 
iline,  Yesuyianite,  aogite  in  being  entirely  unaltered  when  heated  alone  B.B. 
ity  about  4,  caasiterite  6*5. 
He  occurs  in  granite,  gneiss,  mica  slate,  and 
sstone  and  dolomite.  It  is  generally  found  ii 
feldspar,  and  frequently  in  acicular  crystals 
r^^nlar  position  upon  crystals  of  hematite, 
rway;  Finland  ;  Saualpe,  Garinthia;  in 
g ;  at  Ohlapian  in  Transylvania, 
at  Warren.  In  Vermont,  at  Waterbuxy 
Sheffield.     In  Conn.y  at  Lane^s  mine,   Moi 

Warwick.     In  PenrL^  Chester  Co.      In  2i.  Gar.,  at  Crowder's  Mountain.      lu 
labersham  Co.  ;  in  Lincoln  Co.,  at  Graves'  Mountain.     In  Arkansas,  at  Magnet 


rocks,  and  sometimes  in 
I  crystals,  often  in  masses 
quartz.     Very  commonly 

avradi  in  the  Tavetschthal. 

the  Tyrol ;  at  St.  Gothard 

where.     In  Mass.,  at  Barrej 
In  If.  York,  in  Orange  Co. ; 


>zide  is  employed  for  a  yellow  color  in  painting  porcelain,  and  also  for  giving  the 
i  to  artificial  teeth. 


OOTAHEDRrm.     Anatase. 

nal.     0  A 14  =  lig'*  22' ;  (J  =  1-77771. 
lAl,  pyr.,  = 

rAl  =  158M8'.  484 

1  and  Oj  per- 


Commonly  octahedraj 


-6.  Q.=3-82- 
3time8  4"ll-4*16 
atinff.     Lustre  «.       ^.  , 

,         ^ ,.         ^  ,  Binnentbal. 

lamantme.  Col- 
shades  of  brown,  passing  into  indigo-blue, 
c ;    greenish-yellow    by    transmitted    lidit, 
x)lored.     Fracture  subconchoidal.     Brittle. 

ike  rutile  and  brookite,  pure  titanic  oxide. 

—Same  as  for  rutile. 

mdant  at  Bourg  d^Oisans,  in  Dauphiny ;  also  in  the  Bin- 

uding  here  Kenngott^s  wiaerinA,  f.  484.  as  shown  by  Klein,  Jahrb.Min.,  1875, 

Itsch  Joch,  Tyrol ;  near  Hof  in  the  Fichtelgebirge ;  Norway ;   the  Urals;  in 

lear  Tavistock ;  at  Tremadoc,  in  North  Wales  ;  in  Cornwall ;  in  Brazil  in  quartz. 

^tes,  at  Smithfield,  R.  L 

!OTB.— Mn,04=2MnO,MnO,.     Tetragonal,  Oa1-»=180*  25'.     Color  brownish- 

tingia ;  Harz,  etc. 

L— 2(2MnO,MnO,)4-MnO„8iOi.     Tetragonal,    OaU  =136'*  26'.      Color  dark 

ok.    Thuringia ;  Norway,  eta 

Oennige,  (?0nii.).-^Pb.O«=PbOs-h2PbO.    Badenweiler ;  Wythe  Ga,  Va.,  eto. 


BROOKITB. 


ombic  (?).     7a/=99*'  50'  (-100»  60'):    OM-i-lSV  42'; 
1*1620  :  1*1883  :  1.     Cleavage:  /,  indistinct ;  6>,  still  more  so. 
-6.    G.=4-12-4-23, brookite;  4:-03-4-085, arkansite.    Hair-brown, 
or  reddish,  with  metallic  adamantine  lustre,  and  translucent 


DX80BIPTITE   MnTBHUOGT. 


(brookite);  aleo  iron-black,  opaqne,  and   eabmetallic   (u-kandte).    8tnil 
nncolored — grayish,  yellowiBli.    Brittle. 


Oomp.— Pare  titanic  oxide,  TiO,,  like  mtile  and  ootahedrite. 

Pyr.,  etc, — Same  aa  fur  mtile. 

Obt.— Brookite  occun  Ht  Bourg  d'Oisang  in  Danpbinr;  at  3t  Ootbud;  iatbeUnk,iW 
Bfiuk;  in  thick  black  crystals  {nrkaTutiU  t.  486)  at  Magnet  Core,  Arkanaaa,  aometimei  lUm 
to  rotiie  by  paramorjihwm ;  at  Ellenrille,  Ulster  Co.,  N.  Y. ;  at  Paris,  Halne. 

Schraaf  boa  announcGd  (Atlas  Min.,Reicb.  IV.)  that  be  lias  fonnd  brookite  to  be  immAv 
(and  isomorpbouB  with  wolframite).  He  diatingufBhea  three  tTpea  hanng  diSemit  iw 
relations.     The  measnremeDta  ot  t.  Bath,  however,  aeem  to  show  th*t  in  partitniMt'* 

EnHANrTB.—From  Cheaterfleld,  Ua«a.,  may  be  identical  with  famokits. 


PTROIiUSn^.    Polianita. 

IM=  93"  40',  0M-i  =  U2°  11';  6:l:A=^On6-    , 
1'066  ;  1.     Cleavage  /and  i-i.     Also  columnar, often 
divei^nt;  also  grannlar  massive,  and  freqnenllj  in 
reiiif(n-m  coats.     Often  soils. 

II.=2-2-5.  Q.=482.  Turner.  Lnstre  metJlit 
Color  iron-Mack,  dark  steel-gray,  eometimes  blni^ 
Streak  black  or  bluish-black,  Bumctimoa  subDietaDi*^ 
Opaque.     Kather  brittle. 

Oomp — MnO.=HBDgauese  632,  0fijgeaW-9=lW}. 

Pyr.,  eto. — B.  B .  alone  inf naible ;  on  cbarcoal  loses  oiy gen.  A  mangaueae  reaotka  *>■ 
borax.     Affords  cMoriae  witfa  hydrochloric  acid. 

Diff. — Hardness  lem  than  that  of  psiJomeluie.  Differs  froni  iron  ores  in  Ito  mtKtio  '■' 
tnanganese  B.B.  Eaailf  diBtinfrniahed  from  pailomelane  by  ita  inferior  bardDeaa,  andunW 
by  b^ing  crystalline.  • 

Obs.— Oocura  eitenaively  at  Elgenberg  near  nmenan  in  Thnringia ;  at  Vorderebrautei" 
lloraria;  at  Flatten  in  Bohemia,  and  elsewhere.  Occotb  in  the  United  Statea  in  VnwA 
at  Bnindon.  etc. ;  at  Conway.  Mass. ;  at  Winchester,  K.  H. ;  at  Saliiibuiy  and  Kent,  CoM. 
In  California,  on  Red  island,  bay  of  San  Franoiaoo.  In  New  Brunswick,  naar  Batlianiti  B 
Nova  Bootia,  at  Walton ;  Pictoo,  eta  ^ 

^rolnsite  and  mangranite  are  the  most  {mportant  ot  the  oies  of  manganeae.     Vjiilm* 

■  with  its  oxygen  at  a  red  beat,  and  is  extensively  employed  f or  disobaiKing  tw  t(^ 

n  tints  of  glass.     It  henoe  received  ita  name  from  ^riip,  fira,  and  Xha.  to  wasit 
"nns.— Ca.Uu.O.,  orSCnO^-^MnOi.     Foliated.     OoImUmIc.     Thvria^ 


oxrQKK  ooxFOunse. — btdbods  oxidks. 


B.  HYDROUS    OXIDES. 


TUBOITB. 

pact  fibrons  and  divergent,  to  massive;  often  botryoidal  and  ata- 
:  like  linionito.     Also  earthy,  as  nid  tichre, 

:5-6.  G.=3-56-3-74,  from  Ural;  4'29-4-49,  fr.  Hof;  4-681,  fr. 
ueen;  414,  fr.  Salisbury.  Lustfe  Bubmetallic  and  somewhat  satin- 
i  the  direction  of  the  fibrons  structure;  aleo  dull  earthy.  Color 
1 -black,  to  dark  red;  briglit-red  when  earthy;  botryoidal  surface 
uetroiiB,  tike  iniich  hmoiiite.     Opaque. 

i^H,FeiO,=lT<wiie«qiuoiide94-7,  water  6-3=100. 

•to.— BeaMd  in  a  oloaed  tabe,  BIm  to  piece*  in  a  lernkdiable  muiner ;  yields  wktw. 

ae  like  hematite. 

-Diitininiiahed  from  hematite  and  limonite  by  ita  anpeiioi  buduen,  the  cdoi  of  its 

ind  B.B.  its  decrepitation. 

-A  Tec;  common  oce  of  iron.    Ooonis  at  the  Tnii^nak  copper  mine  neM  Boagoionk, 

ral ;   neu  Hof  in  BaTaria,  and  Siegen  in  Pmaaia ;  at  HorhuueQ-    In  the  U.  S.  it 

t  SdiisboiT,  Ck 


DIABFORZI. 

lorhombic.  I A  1=93"  42J',  (?  A 1-1=  147"  12^'; 
5:1-067:1.  t-iA  1-J  =  121"  7i',  i-iAl-S  =  104° 
i-lM  =.116°  54i'.  Crystals  usually  thin,  flattened 
•\  to  i-i;  sometimes  acicnlar;  commonly  implanted, 
ige :  i'i  eminent;  t-2  less  perfect.  Occurs  foliated 
e  and  in  thin  scales ;  sometimes  stalactitic 
:6-5-7.  G.=3  3-3-5.  Lustre  brilliant  and  pearly  on 
^fflce;  elsewhere  vitreous.  Color  whitish,  gmvish- 
greenish-eray,  hair-brown,  yellowish,  to  colorless; 
mes  violet-blue  in  one  direction,  reddish  plumb-blue 
ther,  and  pale  asparagus-green  in  a  third.  When  thin, 
icent — snUranslucent.     very  brittle. 

>.— H,^Oi=Alamiiia  851,  water  14'S  =  100;  a  little  pboiphonu 
le  ia  often  preeent. 

•to. — In  the  closed  tnbe  decrepitates  rtrongly,  aeparating  into  pearly  white  toalea, 
I  high  Cempetatnre  yields  wat«r.  Tbe  Tariety  from  Schemnitz  does  not  decrepitato. 
e  ;  with  cobalt  solation  givet  a  deep  btae  color.  Borne  varietisB  react  for  iron  with 
«•.  !Tot  attacked  by  acida.  bnt  after  ignition  becomes  soluble  in  sulphuric  acid. 
-Diitinguiahed  (B.lj.)  liy  its  decrepitation  and  yielding  wntei ;  as  oUo  by  tbe  reaotion 
lioa  with  cobalt  solation.  Renemblei  some  varieties  of  hornblende,  but  ia  harder. 
-Commonly  found  with  comndnm  or  emery.  Ooouis  in  the  Ural ;  at  Schemniti; 
Ibo  near  Fahlun;  in  Switzerland  ;  in  Aaia  Minor,  and  the  Oreoian  islands  ;  io  Chest-er 

;  at  the  emery  mines  of  Chester,  Haea. ;  K.  Carolina. 

OK  was  n«med  by  HftOy  from  iiaamipu,  to  aoattec,  alladlng  to  the  nnial  deorepitatioa 
In  Uowpipe. 
17 
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oSthitb. 

Orthorhombic.    /a7=94°52'  (B.&lfO;  (?  A  1-e  =  146°  83' ;  c:l\i 
=  0-66  : 1-089  :  1.     In    prisinH  longitudiiially  Btiiated,  and 
4B1  often  tlatteiiGd  into  Bfales  or  tables  parullcl  to  the  sboHer 

diagonal.  Cleavage  :  bi-achvdiftgonal,  very  perfect  Also 
fibruns;  foliated  or  in  scalee;  niaseive;  reiiiform;  staliu- 
titic. 

H.=5-5"5.  G.=i'0-4-4,  Lustre  imperfect  adainantiua. 
Color  yellowiBl),  reddiEli,  and  blackieh-browti.  Oft«n  blood- 
red  by  traiiBiTiitted  light.  Streak  browniah-yellow — o«ihr&— 
yellow. 

Tar.— I,  In  thin  BC&le-I[ke  or  tabula 
edge.     3.  In  acicnlar  or  capillar;  (not  Heiiblc)  crystalfi,  oi  steuder  prinuB,  oflett 
grouped :  tbe  ^Miiit-JrontUms  [NndfUUm»tein).     It  panes  into  ffi)  a  ^miietj  with  a 
■urfMS ;  the  Prabramite  (Sammetbifndt)  of  Przibram  ia  of  thla  kind.     Other  TUietMl 
colnmnat  or  flbrooe,  scal^-BbcODB.  or  feathery  columnar;  oompsot  raMafie,  wiUi  a  lUti 
oboidaJ  fractare  ;  and  sometimea  renirocm  or  Btaloctitic. 
Comp.— H,FeO,:=H,FeOa  +  2t^Oi— lion  sesquioiide  BS-9,  watsr  101  =  100. 
Pyr.,  etc. — In  the  cloeed  tube  gives  off  water  and  is  converted  icto  red  iicn  Maqnioi 
With  the  fluxes  like  hematite ;  most  Tarietira  give  a  manganese  reaction,  and  some  ((e 
in  the  forceps  in  O  F..  after  moistening  in  sulpburic  ooid,  impart  a  bluiah^reen  color  U 
flame  (phosphoric  acid).     Soluble  in  hydrochloric  acid. 

Obs. — Fuiiad  with  the  other  iron  oxiden,  especially  hematite  or  litnonite.     Ooonre  at  B 
feld  ;  in  Niisaau;  at  Zwickan  in  Saxony;  in  Cornwall ;  in  Somsrsetahire,  at  the 
iron   mines.      In   the  IT.  States,  near  Marqaette,  L.  Superior  ;  in  Penn.,  near  £■ 
California,  at  Bums  Creek,  Mariposa  Co- 
Named  Oi'tltUe  after  the  poet-philoaopber  Gatbe ;  and  PyTrhonderiU  from  "I'pliot, 


MANOANITE. 

Oi-thorhoinliic.     7a  7=  99°  40',  O  A  l-l  =  147"  9f ;  c  :  2  :  <J  =  0 6i55- 
1-185  ;  1.     Twins:   twinning-plane  l-l  (f.  296,  p.  96).     Cleavage:  t-i\-er- 
perfect,  J  perfect.     CryBtala  longitudinally  striated,  and  often  grouped  ■— 
bnndles.    Also  colninnar;  soidoni  grannlar;  etalactitic. 

II. =4.  Cir.  =4-2— 4'4.  Lustre  simnietaUic.  Colur  dark  Btecl-gray — iro^ 
black.  Stroak  reddiBh-brown,  Boinetimes  nearly  black.  Opaqne;  niiiiii^ 
8plintei-s  sometimes  brown  by  transmitted  light.     Fi-aetiire  uneven. 

Comp.— H,HnO,=H,MnO,-H3HuO,=HangaDe«e  sesquiondB  89-8  (=Mn  62-S,  0  271* 


irlO-2 


=  100. 


Fyr.,  etc In  the  closed  tabs  yields  water ;  otherwise  like  brannite. 

OlHi.^Occura  in  veins  traversing  porphyry,  at  Ilefeld  in  the  Han  ;  in  Thnringia  j  Undeni 
in  Sweden;  Christiansond  in  Norway;  Cornwall,  at  variona  plMes;  alto  in  Cninb«d>: 
Devonshire,  etc.  In  Nova  Scotia,  at  Cheverie,  etc.  In  New  Bmnawiek,  at  'Shepodj  oo 
tain,  Albert  Co.,  etc 


ZJHOHITB.    Brown  Hematite.     Bianneisenstain,  QerM. 

in  Italaetitic  and  botryoidal  or  maminillai-y  forms,  having  a  fibrof"*' 
stnietnre;    also  concretionary,  massive;    and   wxas'muaX^ 


0XT6BN  OOMPOUNDS. — HYDROUS   OXIDES. 
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E.=5-5'5.  Q. =3-6-4.  Lustre  silky,  often  submetallic ;  sometimes  dull 
i  earthy.  Color  of  surface  of  fracture  various  sljades  of  brown,  com- 
mly  dark,  and  none  bright ;  sometimes  with  a  nearly  black  varnish-like 
«rior ;  when  earthy,  brownish-yellow,  ochre-yellow.  Streak  yellowish- 
)wn. 

^mt^   (1)  Com/poet,     Submetallio  to  silkj  in  lustre :  often  stalactitic,  botryoidal,  eto.    (2) 

Teou$  or  eartfaij,  brownish-yellow  to  ochre-yellow,  often  impure  from  the  presence  of  clay, 

1,  eta     (8)  Bog  ore.     The  ore  from  man^y  places,  generally  loose  or  porous  in  texture, 

m  petrifying  leaves,  wood,  nuts,  etc     (4)  Brown  clay-ironstone,  in  compact  masses,  often 

xmeretionary  nodules,  having  a  brownish-yellow  streak,  and  thus  distinguishable  from  the 

r-ironstone  of  the  species  hematite  and  siderite ;  it  is  sometimes  (a)  pfttoUtic,  or  an  aggre- 

loii  of  concretions  of  the  size  of  small  peas  (Bohnerz,  Qerm.)\  or  [b)  oolitic. 

kanp.— H«Fe«0.=HflFeOe-!-FcO,=Iron  sesquioxide  85*6,  water  14-4=100.     In  the  bog 

I  and  ochres,  sand,  clay,  phosphates,  manganese  oxides,  and  humic  or  other  acids  of  organic 

[in  are  very  common  impurities. 

*yr.,  etc. — Like  gothite.     Some  varieties  give  a  skeleton  of  silica  when  fused  with  salt  of 

iqphorus.  and  leave  a  siliceous  residue  when  attacked  by  acids. 

liSm — Distinguished  from  hematite  by  its  yellowish  streak,  inferior  hardness,  and  its  reac- 

I  for  water.     Does  not  decrepitate,  B.B.,  like  turgite. 

>bs. — Limonite  occurs  in  secondary  or  more  recent  deposit?,  in  beds  associated  at  times 

h  barite,  siderite,  calcite,  aragonite,  and  quartz  ;  and  often  with  ores  of  manganese ;  also 

I  modem  marsh  deposit.      It  is  in  all  cases  a  result  of  the  alteration  of  other  ores,  through 

Kwore  to  moisture,  air,  and  carbonic  or  organic  acids ;  and  is  derived  largely  from  the 

iBge  of  pyrite,  siderite,  magnetite,  and  various  mineral  species  (such  as  mica,  augite,  hom- 

nde,  eta  >,  which  contain  iron  in  the  protoxide  state. 

Lbondant  in  the  United  States.     Extensive  beds  exist  at  Salisbury  and  Kent,  Conn. ,  also 

^  neighboring  towns  of  N.  T.,  and  in  a  similar  situation  north;  at  Richmond  and  Lenox, 

ML ;  in  Vermont,  at  Bennington,  etc. 

jimonite  is  one  of  the  most  important  ores  of  iron.   The  pig  iron,  from  the  puror  varieUes, 

lined  by  smelting  with  charcoal,  is  of  superior  quality.     That  yielded  by  bog  ore  is  what 

isrmed  eM  shorty  owing  to  the  phosphorus  present,  and  cannot  therefore  be  employed  in 

)  manufacture  of  wire,  or  even  of  sheet  iron,  but  is  valuable  for  casting.     The  hard  and 

npaot  nodular  varieties  are  employed  in  polishing  metnllic  buttons,  eta 

IfoLANOSiDERiTK. — Near  limonite,  but  containing  7*39  p.  c.  SiOj,  perhaps  as  an  impurity. 

>ke  regards  it  as  a  very  basic  silicate  of  iron.     G.  =8*39.     Westchester,  Penn. 

UwTHOBiDKRiTB.— H«Fe06=FeO,  81*6,  HaO  18-4=100;  or  HtFeOe  (Ramm.).     In  fine 

dies.     Color  yellow,  brown.     Umenan  ;  the  Harz. 

'Bauxite. — Occurs  in  concretionary  gfrains.    Color  whitish  to  brown.    Composition  doabl- 

perhaps  Al(Fe)Oi+^q.    Beaux,  near  Aries,  France ;  near  Lake  Wochein,  Styria  {wocM' 

I :  French  Guiana.      1) .  t 


.'  I 


/     BRUOITB.  • 

thombohedral.     J?  A  J?  =  82^  22^',   6>AjB  =  119^  39^';   ^  =  1-52078 
5«fienb€rg).     Crystals  often  broad  tabular.     Cleavage :  basal,  eminent, 
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Low^s  Mine,  Texas. 

ia  easily  separable,  nearly  as  in  gypsum. 
K>  fibruiie^  fibres  separable  and  elastic. 


Wood^s  Mine,  Texas. 

Usually  foliated   raassiva 
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H.=2'6.  G.=2'35-2*44.  Lustre  pearly  on  a  cleavage-face,  elsewhere 
betwden  waxy  and  vitreous ;  the  fibrous  silky.  Color  white,  inclining  to 
gi-ay,  blue,  or  green.  Streak  white.  Translucent — si^btranslucent  Sectile. 
Thin  lamin©  flexible. 

Oomp. — HsMgOs^Magnesia  69,  water  81=100. 

Var. — 1.  Foliated.    2.  FibTous ;  called  nemaUte^  containing  4  or  6  p.  a  of  FeO. 

P3rr.,  etc. — In  Dhe  closed  tube  gives  off  water,  becoming  opaque  and  friable,  aomeiimee 
tumlDg  gray  to  brown.  B.B.  infosible,  glows  with  a  bright  light,  and  the  ignited  mineral 
reacts  alkaline  to  test  paper.  With  cobalt  solution  gives  the  violet-red  color  of  magnesia. 
The  pure  mineral  is  soluble  in  acids  without  effervescence. 

Diff.— Distinguished  by  its  infusibility.     Differs  from  talc  in  its  solability  in  acids. 

Obs. — Bruoite  accompanies  other  mognesian  minerals  in  serpentine,  and  has  also  been  found 
in  limestone.  Occurs  at  Swinaness  in  Unst,  Shetland  Isles ;  in  the  Urals ;  at  Gtoujot  in 
France  ;  near  Filipstadt  in  Wermland.  It  occurs  at  Hoboken,  N.  J. ;  in  Richmond  Ca ,  N.  Y. ; 
at  Brewster,  N.  Y.  ;  at  Texas,  Pa.  The  fibrous  variety  {nemaUte)  occurs  at  Hoboken,  and 
at  Xettes  in  the  Vosges. 

OIBBSITB. 

Monoclinic  (DesCl,).  In  small  hexagonal  crystals  with  replaced  lateral 
edges.  Planes  vertically  striated.  Cleavage  :  basal  or  O  eminent.  Occa- 
sionally in  lainello-radiate  spheroidal  concretions.  Usually  stalactitic,  or 
small  mammillary  and  incrusting,  with  smooth  surface,  and  often  a  faint 
fibrous  6<  ructure  within. 

H.=2-5-3-5.  G.=2'3-2-4.  Color  white,  grayish,  greenish,  or  reddish- 
white  ;  also  reddish-yellow  when  impure.  Lustre  of  O  pearly ;  of  other 
faces  vitreous ;  of  surface  of  stalactites  faint.  Translucent ;  sometimes 
transparent  in  crystals.  A  strong  argillaceous  odor  when  bi'eathed  on. 
Tough. 

Var. — 1. -Inciystals:  the  oiigmal  hi/drargilHtc.     2.  Stalactitic;  gibbsite. 

Oomp.— Hfl7V10fl= Alumina  65-5,  water  34  5  =  100. 

Pyr.,  etc. —  In  the  closed  tube  becomes  white  and  opaque,  and  yields  water.  B.B.  infusible, 
whitens,  and  does  not  impart  a  gi-een  color  to  the  flame.  With  cobalt  solution  gives  a  deep- 
blue  color.     Soluble  in  concentrated  sulphuric  acid. 

Diff.  -  -Resembles  chalcedony  in  appearance,  but  is  softer. 

Obs. — The  crystallized  gibbaite  occurs  near  Slatoust  in  the  Ural;  at  Gumuchdagh,  Asia 
Minor;  on  corundum  at  Union ville.  Pa.;  in  Brazil.  The  stalactitic  occurs  at  Richmond, 
Mass.;  at  the  Clove  mine,  Duchess  Co.,  N.  Y.;  in  Orange  Co.,  N.  Y. 

Rosens  hydrargillite  (Urals,  1839)  is  identical  withgibbsite  (Toixey,  1822),  and  must  receive 
this  name.  An  ^mcertain  mineral  from  Richmond  afforded  Hermann  38  p.  c  of  phosphoric 
acid,  but  a  phosphate,  if  it  really  occtirs  there,  is  not  gibbsite. 

Pyrociiuoite.— HaMn0,=Mangane8e  protoxide  71>-8,  water  20-2=100.  Foliated.  Col«»t 
white.     Mine  of  Paisberg,  Filipstadt,  Sweden. 

Hydrotalcite  from  Snarum,  Norway,  and  Volknerite  from  the  Urals,  contain  alumina, 
magnesia,  and  water  with  more  or  less  carbon  dioxide.  Probably  mixtures,  containing 
brucite,  gfibbsite,  etc.  Houguite  from  Oxbow  and  Rossie,  N.  Y.,  is  a  similar  mineral 
derived  from  the  alteration  of  spinel.  Namaqualite  (Church),  A  related  mineral;  fiooa 
Namaqualand,  So.  Africa. 


^ 


PSILOMELANE. 


Massive  and  botryoidal.     Reniforui.     Stalactitic. 

n.=r5-6.     6.  =  3-7-4-7.     Lustre   submetallic.     Streak    brownish-black, 
shining.     Color  iron-black,  passing  into  dark  steel  gray.     Opaque. 


f 
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Oomp^ — Somewhat  doubtfoL    Contains  manganese  oxide,  with  yaiying  amounts  of  boiyta, 
potash  (lithia),  and  also  water.     General  formola,  according  to  Rammelsborg,  RftOe=BO 
4BInO„  where  R  is  Ka,,  Ba  or  Mn.    Analyses:    g^^^^^^i^^^    U^    7^l,    ^     ^^wj  IOa. 

0        MnO     BaO       K,0      H,0 

Thttringen    11-43    66  76    16*59     5-25    CuO  0-59,  CoO  OTO,  CaO  0  51=100-7S 

01  sche  wslc  V 
Dmenau        15*82    77*23      0*12      5*29     CaO  0*91,  CuO  0  40=9977  Clausbruch. 


.  ,.;,  etc. — In  the  closed  tube  most  varieties  yield  water,  and  all  lose  oxygen  on  ignition* 
ith  the  fluxes  reacts  for  manganese.     Soluble  in  hydrochloric  acid,  with  evolution  of 


_         Ob«- — This  is  a  common  ore  of  manganese.     It  oocurs  in  Devonshire  and  Cornwall ;  al 
^  icfeld  in  the  Hurz ;  also  at  Johanngeorgonstadt ;  Schneeberg  ;  Hmenau ;  Siegen,  eta     It 
orms  mammillary  masses  at  Chittenden,  Irasburg,  and  Brandon,  Yt 


I 


WAD. 

The  manganese  ores  here  included  occur  in  amorphous  and  reniform 
'snasses,  either  earthy  or  compact,  and  sometimes  incrustinff  or  as  stains. 
They  are  mixtures  of  different  oxides,  and  cannot  be  consioered  chemical 
-^joinpounds  or  distinct  mineral  species. 

Il.=0*5-6.     G.=3-4*26 ;  often  loosely  aggregated,  and  feeling  very  light 
to  the  hands.     Color  dull  black,  bluish  or  brownish-black. 

Oomp.,  Var. — ^Perhaps  H9Mns0B=2Mn0a+aq  (Bammelsberg),  but  in  all  cases  mixed  with 
other  ingredients. 

Varieties :  (A)  Manganesian ;  (B)  Cobaltiferous ;  (0)  Cupriferous. 

A.  Boo  BIanqanbsb. — Consists  mainly  of  manganese  dioxide  and  water,  with  some  iron 
•esquioxide,  and  offcen  silica,  alumina,  baryta. 

B.  AsBOLiTE,  or  Earthy  Cobalt,  is  wad  containing  cobalt  oxide,  which  sometimes  amounts 
to  82  p.  c.     LUhiophorite^  JieterogemU^  and  rabdionUe  belong  near  here.  • 

G.  Lampadite,  or  Cupreous  Manganese.  A  wad  containing  4  to  18  p.  c.  of  copper  oxide, 
and  often  cobalt  oxide  also.     It  gpraduates  into  black  copper  (Melaoonite;.     G.  =3'  1-3*2. 

Pjn:.,  etc. —  Wad  reacts  like  psilomelane.  Earthy  cobalt  gives  a  blue  bead  with  salt  of 
phosphpms,  and  when  heated  in  B.  F.  on  charcoal  with  tin,  some  specimens  yield  a  red  opaque 
bead  (copper).  Cupreotu  manganese  gives  similar  reactions,  and  three  varieties  give  a  Htrong 
manganese  reaction  with  soda,  and  evolve  chlorine  when  treated  with  bydrochloric  acid. 

Obs. — The  above  ores  are  results  of  the  decomposition  of  other  ores — partly  of  oxides,  and 
partly  of  manganesian  carbonates.  Wud  or  bog  manganese  is  abundant  in  the  counties  of 
Columbia  and  Dutchess,  X.  T.  There  are  large  deposits  of  bog  manganese  at  Blue  Hill  Bay, 
0OYer,  and  other  places  in  Maine. 

Earthy  cobalt  occurs  at  Riechelsdorf  in  Hesse ;  Saadf eld  in  Thuringia ;  at  Nertschinsk  in 
Sibezia ;  at  Alderly  Edge  in  Cheshire. 

Chalcophanitb. — Rhombohedral.  In  druses  of  minute  tabular  crystals  ;  also  in  stalacti- 
tio  aggregates.  H.  =2*5.  G.  — Si^OT.  Lustre  metallia  Color  bluish-black.  AualysiB  gave 
MnO,  69-94,  MnO  658,  ZnO  21-70,  FeO,  025,  H.O  U-58=10005.  Composition  2MnOi-+- 
(Mn9Zn]0+2aq.  If  half  the  water  were  basic,  the  formula  might  be  written  2(B,Mn)0a+aq, 
where  B=Mn,Zn  and  H,.  B.B.  becomes  of  a  copper  color,  hence  the  name  ^oAx^i,  hrata^ 
^fmue,  and  ^iw,  to  appeal'),    Stirling  Hill,  N.  J.     (Moore,) 
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2.  OXIDES  OF  Elements  of  the  Arsenic  and  Sulphtjb  Gboups,  Bebub  IL 


VAIiENTlNITI].    Weiflspieflglaaezs,  Oerm, 

Orthoihombic.     I.\  7  =  136^  58' ;  6>  A 14  =  105°  35' ;  c :  2  :  df  =  3-5868 ; 
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2*5365  :  1.  Often  in  rectangular  plates  with  the  lateral 
edges  bevelled,  and  in  acicuTar  rhombic  prisms.  Cleav- 
age: /,  highly  perfect,  easily  obtained.  Also  massive; 
structure  lamellar,  cohimnar,  granular. 

H.= 2-5-3.  G.=5-56(),  crystals  fi-om  Brannsdorf. 
Lustre  adamantine,  i-i  often  pearly ;  shining.  C<»l<)r 
snow-white,  occasionally  peach-blossom  red,  and  ash-gray 
to  brownish.  Streak  white.  Translucent — subtraus- 
parent. 

Oomp.— SbaO,=Oxygftn  16*44,  antimony  83'56=100. 
Ob». — Found  at  Przibram  in  Bohemia;  at  FelBobanya  in  HoDgaiy; 
Braunsdorf  in  Saxony.     Also  at  South  Ham,  Canada  East. 

Senarmontite. — Same  composition  as  tJie  above,  but  crystallizes  in  isometric  octahe- 
drons.    G.  =5*2-5*3.    Pemeck,  Hungary ;  Cornwall;  Haraclas  in  Algeria  ;  S.  Ham,  Canada. 

Claudetite  ;  ARSENOTiiTB. — ^Both  AsaO«.  The  iormer  is  orthorhombio,  the  latter  iso- 
metric.  They  thus  correspond  to  the  two  forms  of  SbaO»  (see  above).  CUtttdeUU  (G.  =3"85) 
occurs  in  thin  plates  at  the  San  Domingo  mines,  Portugal.  ArsenoUte  {Q.^d^^l^)  oocan 
usually  in  capillary  crystals,  also  stalactitic ;  earthy.  Andreasberg ;  Joachimsthal ;  Com- 
wall ;  Ophir  mine,  Nevada ;  California. 

Bi  smite  (Wismuthocker,  G^^n/i). — BiaO*.  Occurs  massive,  earthy.  Schneebeig;  Joachimi 
thai;  Cornwall.     Karelinite. — SBiO-hBiS.    Massive.     Color  lead -gray.    G.=6-60.     Savo- 
dinsk  mine  in  the  Altai. 

MoLYUDiTE  (Molybdanocker,  Oerm.). — Composition  Mod.  In  radiated  crystallizations,  as 
an  incrustation,  etc.  Occurs  with  molybdenite.  At  Westmoreland,  New  Hampshire ;  Chester, 
Penn. ;  Virginia  City,  Nevada.     Ilbemannfte,  near  the  above.     Bleibeig,  Carinthia. 

TuNGSTiTE. — WOj.  Pulverulent  and  earthy.  Cornwall;  Monroe,  Ct.  Metmacitb 
(Camot). — A  hydrated  tungstite.     Meymac,  Corr^e. 

Kkrmesite  (Antimonblende,  Germ.). — Composition  SbtS30=:2SbaSs+Sb90f  In  ci^illaiy 
crystals.     Color  cherry-red.     Braunsdorf,  Saxony  ;  AUemont;  South  Ham,  Canada  East. 

C  ervantite.  — SbOa = SbaOs  -f-  SbaOo.  Color  yeUow.  Besults  from  alteration  of  stibnitOi 
Spain ;  Tuscany ;  Hungary,  etc. ;  South  Ham,  Canada. 


3.  OXIDES  OF  THE  Cabbon-silicon  Group,  Sebies  II. 


QUARTZ. 


Rhomboliedral,  and  for  the  most  part  lieinihedral  to  the  rhombohedron 
(or  tetartohedral  to  the  hexagonal  prism).  Ji  AJi  =  94*^  15',  OaHzzz  12S' 
13';  <?  =  10999.  iA2-2  =  142°  2^  Ra  -l,ov.i,  =  103°  34',^  A  —1,  adj., 
=  133°  44',  BAz,  ov.  2-2,  =  113°  8'.  Cleavage:  ^,—1,  and  iveiy  iiidis- 
■*^^'  sometimes  effected  by  plunging  a  heated  crystal  in  cold  water* 
'  sometimes  very  8h(>rt,  but  general  habit  prismatic ;  the  crystals 
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much  elon^ted,  sometimes  fine    acicalar;    usually   implanted   by  one 
extremity  of  the  prism.     Prismatic  faced  i  counnouly  striated  horizontally, 
wid  thus  distinguishable,  in  distorted  crystals,  f i-oni  the  pyramidal.     Crys- 
tals often  grouped  by  juxtaposition,  not  proper  twins,     frequently  in  radi- 
ated masses  with  a  surface  of  pyramids,  or  in  druses  having  a  surface  of 
pyramids  or  short  crj'stals.     Twins :  twinning-plane,  (1),  the  basal  })lane 
0  (f .  506) ;  very  generally  penetration-twins,  as  illusti-ated  in  f .  265,  p.  89. 
(^)  The  pyramid  1-2,  truncating  the  edo:e  between  -{-li  and  — /?,  divergence 
of  &^es  84*^  33'.     Other  methods  of  twinning  rare,  parallel  to  i,  to  By  to 
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*,  etc.  (Jenzsch).     Also  in  pseudo-trillings  on  calcite,  with  2-2  as  the 
*E>'toroximate  twinning-plane  (see  f.  336,  p.  101). 

^lassive;    coarse    or  fine  granular  to  flint-like   or   crypto-crystalliue 
Soinetimes  mammillary,  stalactitic,  and  in  concretionary  forms. 
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H.=7.    G.=2-5-2*8;  2-6413-2-6541  (Beudant).     Lustre  vitreous,  some 


paler.     Transparent — opaque.    Fracture  perfect  conchoidal — subconchoi- 
dal.     Tough — brittle — triable.    Polarization  circular,  see  pp.  138-140. 


9U  SXSOSIFTTTE  HINEBALOOT 

Oomp.— Fore  ■HicK,  or  SiOi=Ox7g«n53'3S,ailioDii4S'<l7=10(k  In mmoiTe nriaUMO^ 
mixed  with  a  little  opal-silioa.  Impure  vMietie*  oonbun  iron  waqniiudda,  oaltdnm  oubcnrie, 
cUjy,  BBod,  and  vuioiw  miDerala. 

Tar.—l.  Crystolliied  (phenocryBtuIline),  Titreoas  En  lustre.  2.  FUnt-Uke,  mMslTC,  or  ajp- 
UMnyat&lline.  The  Brat  division  inclndes  oil  ordioaiy  vitreous  qoazta,  irbeUier  hsTtng  orji- 
talliae  faces  or  not.  The  varieties  under  the  second  &re  in  genenl  actod  npon  Bomewbiit  man 
l>7  aUritJon,  and  by  chemical  ageota,  as  Uuohydriu  acid,  thwi  thou  of  the  fiist.  In  »11  kind* 
made  up  at  lnjeia,  as  agnta,  auoueaaive  iAjen  ara  uceqaally  eroded. 

A.    FUENOCRTRALLtNE   OK  TlTHKOUB  TAItIBTIB& 

1.  OnUnary  CryiitaUufd ;  Hock  Crytlal.  (XJotiesa  qauti.  or  neatly  m,  whether  in  dia- 
liiiot  cijstala  or  not. 

3.  Atleriittfd ;  Star  gunrU  ISlBmqnotti,  Oerm.).  Contaiuin;  wiUiin  tho  oiyat&I  whitiih 
oi  colored  radiationa  along  the  diametral  planes. 

3.  Amelhyttiiie ;  Aiiiethytt.  Clear  purple,  or  hluish- violet  The  color  is  anpposed  to  be 
dne  to  mangaouxe. 

4.  Boia.  Rose-red  or  pink,  but  beoomiDg  naler  on  exposure.  Oommon  massive,  and  then 
umolly  much  uracked.  Lustre  aometimes  a  little  greasy.  Fuohs  states  that  the  color  it  dns 
to  titanic  oxide      It  may  come  in  port  from  maDganese. 

5.  YeSew  ;  Pidtt  T"P<il.  Yellow  anil  pellucid,  or  nEarly  eo  ;  resembling  somewhat  yeUoir 
kopot,  but  very  different  in  orystallizaCrlon  and  in  absence  of  cleavage. 

6.  Smoky.  C'tiinigorm  Slone.  Stnoky-ycllow  to  amoky-brown,  and  oftin  tnuuparent;  bnt 
varying  to  biovniah- black,  and  theu  nearly  opaque  in  thick  crystals.  The  color  is  dne  to 
OTffanic  compounds,  according  to  Porster. 

7.  ifiiky.     Milk-whiU  and  nearly  opaque.     Lustre  often  greasy,  and  then  called  Oreatf 

8.  C'liPi  Eye  (Katiensugc,  Oenn.),  Exhibiting  opalescence,  bnt  without  prismatio  ooloa, 
an  effect  due  to  fibres  of  aabeBtufl. 

6.  Aj!tntjiriaf.     Spangled  with  scales  of  mica  or  other  mineral. 

10.  Iinjturt  from  Uie  prweiice  of  dieiinct  mineraii  distributed  densely  through  the  tnsM. 
The  more  common  kinds  are  tbOHO  in  which  the  impurities  are  :  (n)  ferrvginofiH,  either  red  w 
yellow  iron  oxide ;  (A)  efiiarilie,  some  kind  of  chlorit*  ;  (c)  netifOlUie  ;  (d)  micauotu' ;  (»)  art- 
naceeu*,  or  sand.  Quartz  crystals  also  occur  penetrated  by  voriona  minerals,  os  topai,  oonu- 
dum,  chryaoberyl,  gartiet,  different  upecies  of  the  hornblende  aod  pyroieno  groups,  mtite, 
hematite,  giithita,  eta,  etc 

Containing  Uguuli  in  cariUa.  These  liquids  are  seen  to  move  with  the  change  of  poaitioo 
of  the  crystal,  provided  an  airbubblc  be  present  in  the  cavity.  The  liquid  is  either  wat«i 
(pure,  or  a  mineral  aolution),  carbon  dioxide,  or  some  potroleum-like  or  other  compound. 

B.  CRTPTOonrsTALLiNE  Vauibtiks. 

1.  (ffiatefdony.  Having  the  lustre  nearly  of  wax,  and  cither  transparent  or  translncent. 
Color  white,  grayish,  pilv-brown  to  dark-brovm.  black  ;  toiidun-color  common  ;  Rometimea  deli- 
cate blue.  Also  of  other  shades,  and  tlien  having  other  names.  Often  muumillaly,  botTy«i> 
dal,  stalactitic,  and  occurring  lining  or  filling  cavities  in  rocks.  It  is  true  quarts,  witL  soma 
dlssGrninatcd  opal. 

i.  Harnflian.  A  clear  red  chalcedony,  pnle  to  deep  in  shade ;  also  brownish-red  to  biowB, 
the  latter  kind  reddish- brown  by  tronamittcJ  light 

!).   CkryiHijirwie.      An   spplc-green  chalcedony,  the  color  due  to  the  presence  of  niiid 

4.  Prate.  Translucent  and  doll  icck-green  ;  so  named  from  ~/>aiT'>i',nji<;<^.  Always  regarded 
as  a  atone  of  little  value.     The  name  ia  alw  given  to  crystalline  quartz  of  the  same  color. 

G.  I'buma.  Rather  bright-green  to  leck-|^eeii,  and  slao  sometimes  iicaily  ememld-gieen, 
■sd  subtranslucont  or  feebly  ttannlucent ;  sotuetitnes  dotted  with  white.  IldiitTtipe,  at 
SboA-tlone,  is  the  same  atono  essentially,  with  small  spots  of  rod  jasp'  r,  looking  like  drop*  of 

..  itod  chalcedony.     The  colors  are  either  banded  or  in  clouds,  or  doe  to 

loritios.     ".  )liiii)ltd.     The  bands  ore  delicate  pamllel  lines,  <if  white,  teudon-like, 

~~'~  and  diirk-brown,  and  black  culorv,  and  aouielimes  bluinh  and  other  shadM. 

yfblg  (T  zig^oK  courBOH,  and  are  occasionally  concentric  circular,  as  in  iho  eye- 

■"*"        the  edBea  o(  layers  of  deposition,  the  agatB  havirg  been  formed  l^a 

>uUy  supplied,  in  irregular  cavitiee  in  rocks,  and 
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d.^ii?{iig  their  oonoentrio  waving  ooorses  from  the  irregularities  of  the  walls  of  the  cavitj. 
Owing  ako  to  the  unequal  porosity,  agates  may  be  varied  in  oolor  by  artificial  means,  li.  Lr- 
r-^^ulariy  clouded.  •The  colors  various,  as  in  banded  agate,  y.  Colon  due  to  visible  impuritieSf 
izBiOiuding  AfoM-agate^  filled  with  brown  moss-like  or  dendritic  forms  distributed  through  the 
;  iMndriHo  Agafe,  containing  brown  or  black  dendritic  markings.  There  is  also  Agatiud 
:  wood  petrified  with  clouded  agate. 
'7.  Onyx,  Like  agate  in  consisting  of  layers  of  different  colors,  but  the  layers  are  in  even 
ea,  and  the  banding  therefore  straight,  and  hence  its  use  for  cameos,  the  head  being  cul 
one  color,  and  another  serving  for  the  background.  The  colors  of  the  best  are  perfectly 
ill  defined,  and  either  white  and  black,  or  white,  brown  and  black  alternate. 

8.  Sardimyx.    Like  onyx  in  structure,  but  includes  layers  of  camelian  (sard)  along  with 
of  white  or  whitish,  and  brown,  and  sometimes  black  colors. 

9.  Jat/ptr,     Impure  opaque  colored  quartz.     (//)  lltAi  iron  sesquioxide  being  the  coloring 
atter.     (6)  Browuiili^  or  ochre-yellow^  colored  by  hydrous  iron  sesquioxide,  and  becoming  red 

Jien  so  heated  as  to  drive  off  the  water,     (c)  Dark-green  and  brownish-green,     {d)  Grayish- 

(0)  Blackish  or  brownish-black.     (/)  Striped  or  riband  jasper  (Bandjaspis,  Genn,)^ 

iving  the  colors  in  broad  stripes,     {g)  EgyjHian  jasper^  in  nodules  which  are  zoned  in  brown 

yellowish  colors.     Forcdain  jasper  is  nothing  but  baked  clay,  and  differs  from  true  jasper 

being  B.B.  fusible  on  the  edges.     Red  porphyry^  or  its  base,  resembles  jasper,  but  is  also 

ible  on  the  edges,  being  usually  an  impure  feldspar. 

10.  Agate-Jasper.    An  agate  consisting  of  jasper  with  veinings  and  cloudings  of  chalcedony. 

11.  tiUeeous  sinter.     Irregularly  cellular  quartz,  formed  by  deposition  from  waters  contain- 
ailica  or  soluble  silicates  in  solution. 

12.  FUnt  ^Feuerstein,  Oerm.).  Somewhat  allied  to  chalcedony,  but  more  opaque,  and  of 
'mil  colors,  usually  gray,  smoky-biowu,  ami  brownish-black.  The  exterior  is  often  whitish, 
com  mixture  with  lime  or  chalk,  in  which  it  is  imbedded.  Lu:itre  barely  glistening,  sub- 
^treous.     Breaks  with  a  deeply  conchoidal  fracture,  and  a  sharp  cutting  edge.     The  tiint  of 

chalk  formation  consists  largely  of  the  remains  of  infusoria  (Diatoms,  sponges,  and  other 
ine   productions.      The  coloring  matter  of  the  common  kinds  is  mostly  carbonaceous 
iter. 

13.  Homstone  (Homstein,  Oerm.).  Resembles  flint,  but  more  brittle,  the  fracture  more 
l>lintery.     Chert  is  a  term  often  applied  to  hornstone,  and  to  any  impure  flinty  rock,  includ- 

the  jaspers. 

14.  Basanite^  Lydian  Stone  or  Touchstone.     A  velvet-black  siliceous  stone  or  flinty  jasper, 
on  account  of  its  hardness  an  I  black  color  for  trying  the  purity  of  the  precious  metals. 

e  oolor  left  on  the  stone  after  rubbing  the  metal  across  it  indicates  to  the  experienced  eye 
e  amount  of  alloy.    It  is  not  splintery  like  honiHtone. 

Pyr.j  etc. — B.B.  unaltered;  with  borax  dissolves  slowly  to  a  clear  glass;  with  sodadis- 
with  effervescence  ;  unacted  upon  by  salt  of  phosphorus.  Insoluble  in  hydrochloric 
■^acid,  and  only  slightly  acted  upon  by  solutions  of  fixed  caustic  alkalies.  When  fused  and 
^Cooled  it  becomes  opal-silica,  having  G.  =  2  '2. 

DifL. — Quartz  is  distinguished  by  its  hardness — scratching  glass  with  facility ;  infusibility 
^ — not  fusing  before  the  blowpipe  ;  insolubility — not  attacked  by  water  x^r  the  acids ;  uneleavo' 
^Uity — one  variety  being  tabular,  but  proper  cleavage  never  being  distinctly  observed.  To 
These  characteristics  the  action  of  soda  B.  B.  may  be  added. 

Obs. — Quartz  occurs  as  one  of  the  essential  constituents  of  granite,  syenite,  gneii-s,  mica 
■ohist,  and  many  relate.  1  rooks  ;  as  the  principal  constituent  of  quartz-rock  and  many  sand- 
stones ;  as  an  unessential  ingredient  in  some  trachyte,  porphyry,  etc.  ;  as  the  vein-stone  in 
various  rocks,  and  for  a  large  part  of  mineral  veins ;  as  a  foreign  mineral  in  the  cavities  of  trap, 
basalt,  and  related  rocks,  «ome  limestones,  etc. ,  making  geodes  of  crystals,  or  of  chalcedony, 
agate,  camelian,  etc. ;  as  imbedded  nodules  or  masses  in  various  limestones,  coustituting  the 
flmt  of  the  chalk  formation,  the  homstone  of  other  limestones — these  nodules  sometimes 
becoming  continuous  layers  ;  as  masses  of  ja'^per  occasionally  in  limestone.  It  is  the  principal 
material  of  the  pebbles  of  gravel  beds,  and  of  the  .sands  of  the  sea-shore  and  sand  beds  every- 
where. Silica  also  occurs  in  solution  (but  mostly  as  a  soluble  alkaline  silit.ate)  i"  h»^t;ed 
nitoral  waters,  as  those  of  the  Geysers  of  Iceland,  New  Zealand,  and  Calit'oruiu,  and  the 
Yellowstone  Park,  and  very  sparingly  in  many  cold  mineral  waters. 

Switzerland,  Dauphiny,  Piedmont,  the  Carrara  (quarries,  and  numerous  other  foreign  locali- 
tiet,  afford  fine  specimens  of  rock  crystal.  Amethysts  are  brought  from  Imliu,  Ceyiuu,  and 
Pezsia,  also  Transylvania.  The  amygdaloids  of  Iceland  and  the  Faroe  Islands,  afforl  magni- 
ficent spectmens  of  chalcedony;  also  Hiittenberg  and  Loben  in  Carinthia.  etc.  The  finest 
eamelians  and  agates  are  found  in  Arabia,  India,  Brazil,  Surinam,  Obersteiu,  and  Saxony. 
CaV$  eye^  in  Ceylon,  the  coast  of  Malabar,  and  also  in  the  Harz  and  Bavaiia.  Udiolrope,  is 
Bnchttria,  Tortaiy,  Siberia. 
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In  New  Yorkf  quartz  crystals  are  abundant  in  Herkimer  Go.  Fine  dodeoahedral  crystals, 
at  the  beds  of  specular  iron  in  St.  Lawrence  Co.  In  Antwerp,  Jefferson  Co.,  at  Diamond 
Island  and  Diamond  Point,  Lake  George,  Pelham  and  Chesterfield,  Mass. ,  Paris  and  Perxy, 
Me.,  Beuton,  N.  H.,  Sharon,  Vt.,  Meadow  Mount,  Md.,  and  Hot  Springs,  Ark.,  are  other 
localities  of  quartz  crystal.  For  other  localities,  see  the  catalogue  of  localities  in  the  latter 
part  of  this  volume. 

Jif>se  quartz^  at  Albany  and  Paris,  Me.,  Acworth,  N.  H.,  and  elsewhere  ;  mnoky  quartz,  at 
Goshen,  Mass.,  Richmond  Co.,  N.  Y.,  Pike's  Peak.  Colorado,  etc. ;  amethyst^  at  Keweenaw 
Point  and  Thunder  Bay,  etc..  Lake  Superior;  also  at  Bristol,  Rhode  Island,  near  Greensboro, 
N.  C.  ;  Specimen  Mountain,  Yellowstone  Park.  Crystallized  green  quartz,  at  Proyidence, 
Delaware  Co.,  Penn  ;  at  Ellen ville,  N.  Y.  Chalcedony  and  agates  about  Lake  Superior,  the 
IVIissisHippI,  and  the  streams  to  the  west,  etc.  Red  jasper  is  found  in  pebbles  on  the  banks  of 
the  Hudson  at  Troy  ;  red  and  yellow,  near  Murphy ^s,  Calaveras  Co.,  Cid.  Heliotrope  occupies 
veins  in  slate  at  Bloomingrove.  Orange  Co.,  N.  Y. 

Several  varieties  of  this  species  have  long  been  employed  in  jewelry.  The  onuthyMt  has 
always  been  esteemed  for  its  beauty.  Cameos  are  in  general  made  of  onyx,  which  is  well 
fitted  for  this  kind  of  miniature  sculpture.  Jasper  admits  of  a  brilliant  polish,  and  is  often 
formed  into  vases,  boxes,  knife-handles,  etc.  It  is  also  extensively  used  in  the  manufacture 
of  Florentine  mosaics.  The  camelian  is  often  rich  in  color,  but  is  too  common  to  be  much 
esteemed ;  when  first  obtained  from  the  rock  they  are  usually  gray  or  grayish-red ;  they 
receive  their  fine  colors  from  an  exposure  of  several  weeks  to  the  sun^s  rays,  and  a  subsequent 
heating  in  earthen  pots.  The  colors  of  agate,  when  indistinct,  may  be  brought  out  by  boil- 
ing in  oil,  and  afterward  in  sulphuric  acid ;  the  latter  carbonizes  the  oil  absorbed  by  the 
porous  layers,  and  thus  increases  the  contrast  of  the  different  colors. 


TRIBYMXTZI. 

Hexagonal.     1  A 1  =  124°  3'  (basal) ;  1 A 1  =  127^  35'  (terminal) ;  h  = 

1-6304:  (v.  Rath).  Cleavage  O,  imperfect.  Crys- 
tals minute,  commonly  tabular  (f.  507),  formed 
by  the  prism  and  basal  plane  ;  also  frequently  in 
twins  and  trillings  with  (1)  ^,  and  (2)  f  as  the 
twinning-])laiies.  Double  refraction  positive. 
H.=7.  G.=2-282-2-326.  Lustre  vitreous,  on 
the  face  pearly.  Colorless,  becoming  white  on  weathering.  Fracture  con- 
choidal. 


Comp. — Pure  silica,  .or  SiOj,  like  qua,^z. 

Pyr. — B.  B.  infusible.  Fuses  in  soda  with  effervescence,  forming  a  colorless  glass.  Soluble 
in  a  boiling  saturated  solution  of  sodium  carbonate, 

Obs. — First  found  in  cavities  in  the  trachyte  from  Cerro  St.  Cristoval,  near  Pachuca, 
Mexico.  Also  in  the  trachj-te  of  the  Siebengebirge,  and  in  related  rocks  from  many  localities. 
Forming  on  one  occasion  the  mass  of  white  volcanic  ashes,  from  the  island  Vulcano.  Also 
.in  microscopic  crystals  inclosed  in  opal,  and  in  quartz. 

AsMANFTE  {MoAkelyne). — A  third  form  of  silica,  crystallizing  in  the  orthorhombic  system, 
•^isomorphous  with  brookite."  H.  =5  6.  G.  =2-245.  Found  in  very  minute  cr/stalliiM 
grains,  generally  rounded,  in  the  meteoric  iron  of  Breitenbach. 


OPAL. 


Massive,  amorphous;  sometimes  small  reniform,  stalactitic,  or  lai^ 
tuberose.     Also  earthy. 

II.=5*5-6-5.  G.=l*9-2-3.  Lustre  vitreous,  frequently  subvitreoua : 
often  inclining  to  resinous,  and  sometimes  to  pearly.     Color  white,  yellow, 
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red,  brown,  green,  gray,  generally  pale;  dark  poloi-s  arise  from  foreign 
admixtures ;  sometimes  a  rich  play  of  colors,  or  different  colore  by  refracted 
and  i*ettected  light.     Streak  white.     Transparent  to  nearly  opaque. 

Oomp. — SUicft,  SiOs,  as  for  quartz,  the  opal  condition  being  one  of  lower  degrees  of  hard- 
iiesB  and  specific  gravity.  Water  is  usuallj  present,  bat  it  is  regarded  as  unessential  Ife 
yaries  in  amount  from  2  to  21  p.  c;  or,  mostly,  from  3-9  p.  a 

Var. — 1 .  Precious  Opal.  Exhibits  a  play  of  delicate  colors,  or,  as  Pliny  says,  presents  yaiiooa 
refulgent  tints  in  succession,  reflecting  now  one  hue  and  now  another.  Seldom  larger  than  a 
hazel-nut.    Doubly  refracting  (biaxial^  Bs/irens. 

3.  Fire-opal,  Hyacinth-red  to  honey-yellow  colors,  with  fire-like  reflections  somewhat  irised 
on  turning. 

3.  Oirasol,     Bluish-white,  translucent,  with  reddish  reflections  in  a  bright  light. , 

4.  Common  Opal.  In  part  translucent ;  (a)  milk-white  to  greenish,  yellowish,  bluish;  (6) 
licsin-apal  (Wachsopal,  Pechopal,  Germ.),  wax-,  honey-  to  ochre-yellow,  with  a  resinoua 
lustre :  (C)  duU  olive-green  and  mountain-green  ;  {d)  brick -red. 

5.  Vnchoiong,  Opaque,  bluish-white,  porcelain- white,  pale-yellowish  or  reddish;  often 
adheres  to  the  tongue,  and  contains  a  little  alumina. 

G.  Opal-agate.     Agate-like  in  structure,  but  consisting  of  ojmU  of  different  sh^ules  of  color. 

7.  Jasp-opal.     Opal  containing  some  yellow  iron  sesquioxide  and  other  impurities,  and  hav- 
ing the  color  of  yellow  jasper,  with  the  lustre  of  common  opal. 
^8.    Wood^pal  (Holzoplal,  Oerm. ).     Wood  petrified  by  opal. 

9.  Hyalite.  Clear  as  glass  and  colorless,  constituting  globular  concretions,  and  also  crusta 
with  a  globular,  reniform,  botryoidal»  or  staiactitic  surtoce ;  also  passing  into  tramducent, 
and  whitish. 

10.  Fiorite^  SiUeeoui  Sinter,  Includes  translucent  to  opaque,  grayish,  whitish,  or  brownish 
incrustations,  porous  to  firm  in  texture ;  sometimes  fibrous-like  or  filamentouH,  and.  when  so, 
pearly  in  lustre,  formed  from  the  decomposition  of  the  siliceous  minerals  of  volcjnic  rocks 
about  fnmaroles,  or  from  the  siliceous  waters  of  hot  spriugR.  It  graduates  at  times  into 
hyalite.     Oeyserite  constitutes  concretionary  dei>osits  about  the  Iceland  and  Yellowstone 

,  (pealile)  geysers,  presenting  white  or  grayish,  porous,  staiactitic,  filamentous,  cauliflower- 
like  forms;  also  compact-massive,  and  scaly •  massive  ;  H.  =5;  rarely  transparent,  usually 
opaque :  sometimes  falling  to  powder  on  drying  in  the  air. 

11.  Float-stone.  In  light  concretionary  or  tuberose  masses,  white  or  grayish,  sometimes 
cavernous,  rough  in  fracture.  So  light,  owing  to  its  spongy  texture,  as  to  float  on  water. 
llie  concretions  sometimes  have  a  flint-like  nucleus. 

12.  TripoUte,  Formed  from  the  siliceous  shells  of  Diatoms  and  other  microscopic  si>ecie8, 
as  first  made  known  by  Ehrenberg,  and  occurring  in  deposits,  often  many  miles  in  area,  either 
oncompacted,  or  moderately  hard.  Infusotitd  Earth,  or  Earthy  TnptUtt^  a  very  fine-grained 
earth  looking  often  like  an  eartny  chalk,  or  a  clay,  but  harsh  to  the  feel,  and  scratching  glass 
when  rubbed  on  it. 

Pyr.|  etc. — Yields  water.  B.B.  infusible,  but  becomes  opaque.  Some  yellow  varieties, 
oontaining  iron,  turn  red. 

Obs. — Occurs  filling  cavities  and  fissures  or  seams  in  igneous  rocks,  porphyry,  and  some 
metaUio  veins.  Also  imbedded,  like  flint,  in  limestone,  and  sometimes,  like  other  quarta 
conoretions,  in  argillaceous  beds ;  also  formed  from  the  siliceous  waters  of  some  hot  springs ; 
also  resulting  from  the  mere  accumulation,  or  accumulation  and  partial  solution  and  solidifl* 
cation,  of  the  siliceous  shells  of  infusoria — which  consist  csiientially  of  opal-sihca. 

Precious  opal  occurs  in  Hungary ;  in  Honduras ;  and  Mexico.  Fire  apul  occurs  at  Zimapau 
in  Mexico  ;  Faroe  ;  near  San  Antonio,  Honduras.  Common  tfpal  is  abundant  at  Telkebanya 
in  Hungary;  in  Moravia;  in  Bohemia ;  Stenzelberg  in  the  Siebeugebirge ;  Faroe,  Icelan^l; 
the  Giant's  Causeway,  at  many  localities.  In  U.  S.,  fiyaAte  occurs  spauringly  in  N.  York,  at 
the  Phillips  ore  bed,  Putnam  Co. ;  in  Georgia,  in  Burke  and  Scriveu  Cos. ;  in  Washington  Co., 
good  fire  opal.     At  the  Geysers  on  the  Fire  Hole  river,  Yellowstone  Park,  geyserite  is  abundant. 

The  precious  opal»  when  large,  and  exhibiting  its  peculiar  play  of  colors  in  perfection,  is  a 
gem  of  high  value.     It  is  cut  with  a  convex  surface. 

MKLANOPOLOGrrB  (LasauloB). — Occurs  in  minute,  colorless,  cubes  coating  sulphur  cryatali 
from  Giigenti,  Sicily.  Contains  SiOa  86  3  p.  c,  SO9  7  2,  HaO  2*9  ;  chemical  nature  doubt- 
ful.   TuniB  ULaok  upon  ignition,  hence  the  name. 


IL  TERNARY  OXYGEN  CX)MP0irND8. 


1.  SIUCATES.— A.  ANHYDROUS  SXLIOATBS. 

a,    BlBIUOATlia.       G-ENBRAL   FoBHULA  BSiC^ 

(a)  AmphiboU  Group.    Pyroaetie  Section, 

EH8TATXTB.    Bbonzitb.    FiatobMtlt*. 

Orthorhombic,  JaI—8&°  16'  and  91°  44'  (Breiteiibach  meteorite,*. 
Zang);  6:6:  a  =  0-6SSb3:1030fi6:l.  Cleavage:/, 
eafij' ;  i-i,  i-i,  less  so.  Sometimes  a  tibixme  appearuw 
on  the  cleavage-siii'fa<:e.     AIbo  inaBsive  and  lamellar. 

II.=5-5.  G.=31-3-3.  Lustre  a  little  uearly  on 
cleavage-gui-faccs  to  vitreone  ;  often  inelalloiaal  iu  ibe 
broiizite  variety.  Color  grajish-white,  yellowieh-wliite, 
greenish-while,  to  olive-graeu  and  brown.  Streak  ud- 
colui-ed,  grajifih.  Doiil>le  i-efractiou  positive ;  ojitie- 
axial  plane  bi'acliy diagonal ;  axes  very  diveij^ent 


Bomle,  Norway. 


*i 


Oomp.,  Tar.— HgSiOi=Si]iui 

SiO.. 


}, ms£DeuA40=100;  Bla)[llg,l^ 


Var,  1.  Wii/i  iiItU  or  no  iron;  EmtaUte.  Color  white,  yellowisli,  gniTiili,  or  gteenii- 
wbile;  lustre  peHiiy-vitreoaB ;  Q,  =i)'10-8'l;J.  V/iladnite.  which  makes  up  OO  f.  c  ot  ^ 
BiihopvUIe  meteorite,  belougs  here  imd  ie  the  purest  kind  ;  Vietorita  {Mtunierj,  bom  lit 
Deeaa  (Clulij  meteoric  lion  is  probably  identical. 

2.   fi'trrifriwi* ;  Bromilt.     Color  grayish-green  toolive-gceen  and  brown;  lustra  of  dd'- 
age-Burfnou  adamantine  peoilj  to  subiuetullic  or  bronze-ltlie.     The  ratio  of  Mg  :  Fe  viiiM 
from  1 1  :  1  bo  :t  i  1 .     AnalyRis  of  hrouzite  from  Leiperville  by  Piaoai,  SiO,  67 -OB,  ilO,  0-W,    , 
Fe0  5-77.  MgOa.l-.JS,  H,0  0  00  =  1)9  02. 

Pyr.,  etc — B.B.  olmoat  infusible,  being  only  slightly  rounded  od  the  thin  edgea;  t.=^ 
InaoluUe  in  hydrocbloric  acid. 

Diff.— Distinguished  by  its  infusibility  from  vorictieB  of  ampbibole,  which  it  resembln. 

Obs. — Occurs  neai  Aloysthal  in  Moravia;  in  the  Voagfes;  at  Kapferborg  in  Bavaria;  >1 
Baste  in  the  Han  (I'roCobiitlitei ;  in  the  cbrjsoUto  borabu  in  the  Eifel ;  in  immense  oitw" 
with  apatite,  near  Bamie,  Norway.  In  Pennsylvania,  at  Leiperville  and  Texas  ;  at  BiewWr, 
N.  Y.     Itrunzite  is  quite  common  in  meteorites. 

DesQoixeuui  first  defined  the  limita  of  this  species,  oa  bere  laid  down. 

Named  from  'inrri-nit,  aa  Opponent,  because  so  refractory.  The  name  (roReiti  has  prioritf, 
bat  a  bronze  lustre  u  not  eawntial,  and  is  far  from  nniveruU. 


HTPBRSTHBNS. 

Orthorhombic.     /A  7=91''   32t,   DesCloizeaux  (Mt.   Dor6);   91°  40', 
T.  Batli  iamblygtegite).    Cleavage :  i-i  perfect,  I  and  i-i  distinct  but  inter- 
id.     Usnally  foliated  massiTe. 

K=5-6.     G.=3-392.     l..ust]-e  EOiaeiv-htit  (learly  nn  a  (;Ieava};e-sorface, 
sometimes  a  Uttle  metAlloidal ;  often  with  a  peculiar  iridescence  dm 
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io  the  presence  of  iiiiiuite  enclosed  tabular  crystals  (brookite  ?)  in  parallel 

>08ition  (KosmannY     Color  dark  brownish -green,  gray- 

sh-black,    greenisn- black,    pinchbeck-brown.      Streak  509 

^yish,  brownish-gray.     Translucent  to  nearly  opaque. 

Brittle.     Optic-axial  plane  brachydiagonal ;  axes  very 

livergent ;  bisectrix  negative. 


11 


if 


Oomp.— (Mg,Fe^SiO,  with  Fe  :  Mg=l  :  5,  1:8,  etc.  If  Fe  to 
1^=1  :  2  the  fomiula  requires  SiOj  54*2,  FeO  21-7,  MgO  241=1()D. 

Pyr.,  etc. — B.B.  fuses  to  a  black  euamel,  and  ou  charcoal  yields  a 
nagnetic  mass.     Partially  decomposed  by  bydrochloric  acid. 

Obs. — Hyperstheue  oocurs  at  Isle  St  Paul,  Labrador  in  Canada ; 
it  the  Isle  of  Skye  ;  in  Greenland ;  Norway ;  Ronsber)^  in  Bohemia  ; 
he  Tyrol ;  Elfdalen  in  Sweden ;  Laacher  See  {amblyHtegUe, ;  Voigt- 
and  ;  in  trachyte  of  Mt.  Dor6,  Auvergne. 

In  chemical  composition.  en»tatiU  (and  bronziU\  and  Iiypersthene 
leloDg  together,  since  they  grade  insensibly  into  each  other ;  and  in 
syBtalline  form  they  are  identical.    The  essential  difference  between 

ham,  according  to  DesCloizeaux,  lies  in  the  axial  dispersion  which  is  uniformly  p  <  v  for 
utatite,  and  p  >  v  for  hypersthene. 

DiACLAsrrB. — Near  bronzite ;  differs  in  optical  characters.     (Mg,Fe,Ca)Si03.     Horzburg; 
^nadarrama,  Spain. 


Mt.  Dore. 


WOIiULSTONTTB.    Tabular  Spar.    Tafelspath,  Germ. 

Monoclinic.  0=  69^  48',  /A  I  =  87°  28',  O  A  24  =  137°  4tS';  i:h:d 
=  0-4338  :  0*89789  :  1.  Fig.  610  in  the  pyroxene  or  normal  position,  but 
wi"^  the  edge  O/i-i  the  obtuse  edge  ;  f.  511  in  the  position  given  the  cr}'8- 
:al8  u\  authors  who  make  i-i  the  plane  O,  and  2-i  the  plane  /.  O A—  1-i 
=  166^30',  (? A  1-i  =  164"  25',  i-iA-2  =  132^  54',  i-i A  2  =  93°  62'. 
Rarely  in  distinct  tabular  crystals.  Cleavage :  O  most  distinct ;  i-i  less 
10 ;  1-i  and  —  1-i  in  traces.  Twins :  twinning-plane  i-i.  Usually  deav- 
ible  massive,  with  the  surface  appearing  long  fibrous,  fibres  parallel  or 
reticulated,  rather  strongly  coherent. 


610 


511 


H.=4*5-5.  G.=2-78-2'9.  Lustre  vitreous,  inclining  to  pearly  ujK)n 
lie  faces  of  perfect  cleavage.  Color  white,  inclining  to  gray,  yellow,  red, 
)r  brown.  Streak  white.  Subtransparent — translucent.  Fracture  uneven, 
ometimes  very  tough.  Optic-axial  plane  i-i ;  divergence  70^  40'  for  the 
'ed  rays  ;  bisectrix  of  the  acute  angle  negative ;  inclmed  to  a  normal  to  i-i 
)7^  48',  and  to  a  normal  to  O  12^,  DesCL 


DSSCRIPTtTE  UKKBALOOT. 


L 

nmoidKeUtinlMa;  mri      K 


S70 

OoBV^-CaBiOisBllkftSl-?,  lime 488: 

Pyr.,  tia. — In  the  nutnu  do  change. 
blnbbf  kUm,  with  more,  swetli  op  and  isiafiuible.     With  hydroohloilaac 
vatietlet  efferveaoe  iligrhtl;  from  tke  presenoe  ot  aaloit«. 

TUB. — Differs  Irom  oab^us,  lud  tremolite  in  forming  a  jell?  with  unds,  bb  mlao  bj*  Urn  man 
vitreoiu  fracture ;  fuitea  leea  readily  than  natrolite  and  aoolecito ;  when  pure  doee  not  eBR- 
Tcsoe  with  adda  like  the  cfttbonatea. 

Ob*. — Wollastonite  ia  found  in  regions  of  granite  and  giaanUi  limestone  ■  aJaoinbanltMi 
lavas.  Oomra  in  Hangar;;  in  Finland;  and  in  Tforway;  at  Gorknin  in  Sweden ;  in  tlie 
Harz;  at  Auerbach,  in  gnmaUr  liniestone ;  at  Tesuvint.  In  the  V.  S.,  la  If.  Fork,  at 
borough  ;  at  Lewia ;  Diana,  Lewis  Co.  In  Penn.,  Buoka  Co.  At  the  ClifE  Uine,  r 
Point,  Lake  Baperioi.     In  Canada,  at  GrenTille. 


PTKOZBira. 

Monoclmic.  0=13^69',  /a/=87*'6',  Oa24  =  131"  17';  i:b:d 
=  0-5412  :  0-91346  : 1.  (9  A  /  =  100°  57',  (9  A  -  1-i  =  155"  51',  OA  l-i 
=  148"  35',  Oa -1  =  146°  9',  Ca1  =  137°  49',  — 1  A  — 1  =  131°  84'- 
Cleava^ ;  /  rather  perfect,  often  interrupted ;  i-i  sometimea  nearly  per- 


fect; »-i  imperfect;  fl  fiometimes  easy.  Ciysfala  usually  thick  and  stont- 
Twins ;  tvrinninfr-plane  i-i  (f.  531).  Often  coarse  lamellar,  in  large  masses, 
parallel  to  0  or  i-i.  Also  granular,  particles  coarse  or  line;  and  fibrous, 
fibres  often  fine  and  long. 

II.=5-6.  G  =3-23-3-5.  Liirtre 
vitreous,  inclining  to  resinous,' 
some  pearly.  Color  green  of 
varions  shades,  lerging  on  oiiB 
side  to  wliile  or  grayisb-whilft 
and  on  the  other  to  brown  and 
black.  Sti-eak  white  to  gray  ind 
grayish-green.  Transparent— 
opaque.  Fractnre  conchoidal— 
nne*en.  Brittle.  In  cryeUli 
from  Fassa,  optic-axial  plane  I'-i; 
divergence  110°  to  113" ;  bisec- 
trix of  the  acute  angle  positive, 
Inclined  51"  6'  to  a  normal  to  i-i  and  22°  55'  to  a  normal  to  0,  CeaCa. 
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,  Var.^ — A  bisilicate,  haTing  the  general  formula  BSiOs,  where  R  may  he  Ga,Mg, 
>metimefi  also  Zii,Ka««Nas.  Usually  two  or  more  of  these  bases  are  present.  The 
)  are  most  common ;  hut  calci  jim  is  the  only  one  that  is  present  always  and  in  huge 
-e.  Besides  the  substitutions  of  the  above  bases  for  one  another,  these  same  bases 
les  replaced  by  ^l,Fe,Mn,  though  sparingly,  and  the  silicon  occasionally  by  alumi- 

rieties  proceeding  from  these  isomorphous  substitutions  are  many  and  diverse  ;  and 
I  still  others  depending  on  the  state  of  crystallization.  The  foliated  and  fibrous 
[j  received  separate  names,  and  for  a  while  were  regarded  as  distinct  species.  Fibrous 
lar  forms  are  very  much  less  common  than  in  hornblende,  and  lamellar  or  foliated 
re  common.     The  crystals  are  rarely  long  and  slender,  or  bladed,  like  those  of  that 

)et  prominent  division  of  the  species  is  into  (A)  the  non-aluminous  ;  (B)  the  alumi* 

it  the  former  of  these  groups  shades  imperceptibly  into  the  latter.    These  two  groups 

ally  subdivided  according  to  the  prevalence  of  the  different  protoxide  elements. 

also,  the  gradation  from  one  series  to  another  is  in  general  by  almost  insensible 

to  composition  and  chemical  characters,  as  well  as  all  physical  qualities. 


L   CONTAINmO  LITTLE  OR  NO  ALUMIKA. 

e-Magnena  Pyroxene ;  Halacolite.  Diopside,  Alalita,  White  Coocolite.  Color 
llowish,  grayish- white  to  pale  gn^een.  In  crystals :  uleavable  and  g^ranular  massive. 
» transparent  and  colorless.  G.  =  :^  2-8  ';^8 .  Formula,  CaMgSisOc = Silica  55  "6,  mag- 
i,  lime  25-9.  Sometimes  Ca  :  Mg=l  :  2 ;  less  than  4  p.  c.  of  iron  are  present. 
9- Magnesia- Iron  Pyroxene  ;  Sahlitb.  Color  grayish-green  to  deep  green  and  bladK ; 
«  grayish  and  yellowish-white.  In  crystals  ;  also  cleavable  and  granular  massive. 
■3*4.  Named  from  Sala  in  Sweden,  one  of  its  localities,  where  the  mineral  occurs 
I  of  a  gfrayish-greeu  color,  having  a  perfect  cleavage  parallel  to  the  basal  plane  ( 0). 
[Ca,Mg,Fe)SiOs.  The  ratio  of  Ca  :  Mg  :  Fe  varies  much,  =8  :  3  :  1,  2  :  2  :  l,etc.  The 

3  :  1,  corresponds  to  silica  53 '7,  magnesia  13  4,  lime  24*9,  iron  protoxide  8  0=100. 
kOB.  Part  of  the  so-called  diallage,  or  thin  foliated  pyroxene,  belongs  here,  and  the 
)r  the  corresponding  division  of  the  aluminous  pyroxenes.  Color  grayish  green  to 
188-green,  and  deep  green;  lustre  of  cleavage  surface  pearly,  sometimes  metalloidal 
H.=4.  G.  =3*2-3 '35.  Composition  near  the  preceding ;  analysis  by  vom  Bath, 
SiO,  53-60,  AlO,  1  -99,  FeO  8-95,  MnO  0*28,  MgO  1308,  CaO  21  -00,  H.O  0*8«=99-82. 
vaariety  belongs  part  also  of  what  has  been  called  hypersthene  and  bronzite — the  part 
sily  fusible.  Common  especially  in  serpentine  rocks.  Named  from  (}mXAa///,  dif" 
d  allusion  to  the  dissimilar  cleavages. 
i'ldms  Pyroceene,     Hkdenbergitr.     Color  black.     In  crystals,  and  also  lamellaz 

cleavage  easy  parallel  to  i-i.  G.  =3  '5-3  *o8.  Formula  CaFeSijOe  (Mg  being  absent) 
1839,  lime  22  18,  iron  protoxide  29*43=100.  Asteroite  is  a  similar  pyroxene  oon- 
[flo  Mn  (^Istrom),  Sweden. 

0'Iron'Mangane»e'Zinc  Pyroxene  ;  Jepfersonite.  Color  gn^-eenish-black.  Ciystala 
f  large  (3-4  in.  thick),  with  the  angles  generally  rounded,  and  the  faces  uneven,  aa 
ed.  Q.=3-36.  Analysis,  Franklin,  N.  J.,  by  Pisani,  SiO,  45*95,  A10«  0*85,  PeO 
3  10-20,  ZnO  1015,  CaO  21*55,  MgO  3*61,  ign  0-35=101-57. 

II.  Aluminous. 

imtf  lAme-MagneHa  Pyroxene;    Leucauoitb  {J)ana),    Color  white  or  grajiih. 

Bathurst,  C,  by  Hunt,  SiO,  61*50,  A10«  6*15,  FeO«  0  85,  MgO  17-69,  CaO  23-80. 

=100*59.    Looks  like  diopside.     H.  =6*5.     Q.=3'19.     Hunt.     Named  from  AevKOfj 

wuM  Imm- Magnesia-Iron  Pyroxene  ;  Fassaitb,  Auoitb.     Color  clear  deep-green  to 

black  and  black ;  in  crystals,  and  also  massive ;   subtranslucent  to  opaque.      G. 

5.    Contains  iron,  with  calcium  and  magnesium,  also  aluminum.    Analysis  of  augite 

itnal  by  Hunt,  SiO,  49-40,  AlO.  6  70,  i^eO,  7*83,  MgO  13-06,  CaO  21  88,  Na^O  0*74, 

=10011. 

mdte  (or  Pyrffom),    Includes  the  green  kinds  found  in  metamorphic  rocks.     Named 

locality  at  Faasa  In  Piedmont,  which  affords  deep-green  crystaL*,  sometimes  pistachio- 

De  the  epidote  of  the  locality. 

iU.     Includes  the  greenish  or  brownish-black  and  black  kinds,  occurring  mostly  in 

roolEi,  but  also  in  metamorphic    Named  from  it^v,  kistrt. 


973  D£SCiUPTiyB  uisaaiLOQT. 

Pyr^  •to.— VuyiDg  widely,  owing  to  the  wids  T«riation»  in  oompotitjon  In  the  dtffliMd 
TBristies,  uid  often  by  inaenBible  gnwlatiODK.  Fusibility,  from  the  almost  infiudUe  diall(|R 
to  3'75  iD  diopaide  ;  35  in  nablite;  3  in  jefTersomte  and  angita  ;  2  0  in  hsdeabeigite.  Ya- 
rioUes  rich  in  iron  afford  a.  magnetic  globule  when  fased  On  charcoal,  and  in  g«Deral  (bait 
foaibility  vanea  with  the  amount  of  iron.  Jefferaonito  gives  with  sodA  on  oharooal  arsMtJca 
for  lino  and  mimgunese ;  many  othera  also  give  with  the  fluien  reactions  for  mimgaoeM.  Hot 
Tarieties  are  unacted  upon  by  acids. 

Dlfl.— See  Ampbibole,  p.  375. 

Oba — Pyroxene  is  a  common  mineral  in  crystalline  limestone  and  dolomite.  In  atipmtiat, 
and  in  volconio  rocka ;  and  occurs  also,  but  leaa  ubundontly,  in  connection  with  granitio  rait 
and  metamorphio  schiata.  The  pyroxene  of  timeatone  ia  mostly  the  white  and  light-green  tr 
gray  varieties ;  that  of  most  other  metamorphio  lock,  sometimes  white  or  colorless,  VU 
usually  ((Teen  of  different  ahadea,  from  pale  green  to  greeniah- black,  and  occaaionally  black; 
that  of  .terpentiao  ia  Hometimes  in  fine  crystaia,  but  often  of  the  foliated  green  kind  coUad 
diaU/ige ;  that  of  en:iptive  locks  is  the  black  to  greenish -black  avgite. 

Prominent  foreign  localitiea  are ;  mnlawlite  {/lu?ptidf'i,  Traveraellu,  Ata  in  Piedmont;  Sik, 
Tunaberg,  Sweden ;  Pargas ;  Achraatovslt ;  etc.  liiuilitf.  Snia ;  ArondEJ ;  Degeiiie ;  8chw»n«- 
berg;  etc.  Hcdeiibergitc,  Tunaberg;  Arendal  .<4u^'fe,  Faagathal ;  Veanvins:  etc. — in  nol 
dolvrytio  igneous  rocks. 

In  N.  Auioiica  common  (see  list  of  localities  at  the  close  of  the  volnme).  Some  liKsIiliM 
am:  In  if'ii».,  at  the  Bolton  qaamea.  In  Cann.,  at  Canaan.  In  Jt'.  I'rw*.  at  Warwick.  Hoa- 
roo,  Kdonville,  Diana,  In  .A'.  Jeney.  in  Franklin.  In  Pernu,  near  Attleboro'.  In  CamUi, 
mt  ilytown,  at  Calumet  I,,  at  Grenville. 

A<TMITK. — HOQOclinic.  Id  slender  pointed  crystals  (bence  mime)  in  quarts.  H.  =6.  0  = 
n'S-linil,  Color  brownish  to  reddiab- brown,  in  the  fracture  blackish -green.  Opaque.  Fna- 
ture  uneven.  Brittle.  USiO>.R=Na„Fe.  or  Fe|Fe=,1It)i  analysis  by  Bammetsbeig.  SiOi 
Ol'OII,  t'eO,  38-28,  FeO  5'33,  MnO  n-t(9,  Na,0  ViVi,  K.O  U'4<i,  TiO  111,  ign  0'S8=1I»'19. 
Koiigxbeig,  Norway. 

jfJui KITE. —Near  pyroiene  in  form,  but  contains  alkaUes.  H.=B-5-fl.  Q.^S^S-JW 
Color  greenish -black.  Subtranslnoent  to  opaqne.  Analyaia  Rsmm.,  Brevig.  SiO.  60*3!),  Mh 
I'Ua,  FeO.  2307,  PeOSBO,  MnO  140,  CaO  5*7,  MgO  128,  N»,0  8  2a,  K.O  0W=1M1I 
Also  from  Hagnet  Cove,  Arkanaaa. 


aaoDONTrai. 

Triclinic,  but  approximately  isomorplions  with  pyroxene.     Cleavage:/ 
perfect;  ^  less  perfect.     Uaiiallv  massive, 
oaa  II.=5-3-6-5.    y.=3i-3-63.     Lusti-e  vitreous.    Colof 

li^ht  brownish- red,  flesh-red,  eoinetiracs  grecnibli  or 
yelliiwish,  when  impure;  often  blaek  outside  from ei- 
posiire.  Streak  white.  Transpai-ent— opaque.  Fw-- 
ture  eoiiehoidal — uneven.     Very  toufjh  wlieii  inaseive. 

Comp.,  Var. — MnSiO,  =  Silic!a  450,  manganese  protoside  JH '= 

1(10.     Usually  some  Fe  ond  Ca,  and  occuaionallj  Zn  replace  part  oilis 

Mn.      Ordinary,     (n)  Cryfitallized.      Either   in  crystals  or  foliiKf 

The  ore  in  cryatola  from  Paiaberg.  SweSen,  was  named  i'owiffji'' 

under  the  idea  that  it  was  a  distinct  species.       {b.  Granular  nm««' 

Cnl'iferMit ;  Bustamitk,     Contuins  D  to  15  p.  c.  ot  lime  replsnW 

part  Kit  the  maoganeae.     Often  also  imporc  from  the  preaence  of  c*l- 

Wbloh  HUifKt'Vta  that  part  ot  tbe  lime  rcplasing  tbe  mongaucse  may  have  coat 

riijlah-red.     Zineiferotu  ;  FowLKitiTf;.     In  crystals  and  IoIii<rt 

I  I'leavable  red  feldspar  ;  the  crystals  eonietimes  b:iU  aninchttM 

III',  Torroy.     G.=3'44.  Thomson. 

iH  iiad  fuses  with  slight  intumescence  at  2'5  ;  with  thefluiM^i* 
'•:y.  lerite  gives  with  soda  on  charcoal  a  leactioQ  for  zinc  SligUv 
1  I'tlciterons  varieties  often  effervesce  from  mechanical  odnu' 
it'^.  In  powder,  partly  dissolves  in  hydrochloric  acid,  and  thai* 
1  white  color.     Darkens  on  exposure  to  tbe  air,  and  snnftilWS 

Luiig1>an,  nau  PhOIiMtadt  in  Sweden;  also  in  the  Honj  in  thadistnolrf 
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abeig  is  the  Vnl ;  in  Cornwall,  eta  Ocoan  in  Warwick,  Maaa. ;  Blue  Hill  Baj, 
tar  Hinsdale,  N.  H.  ^  fowl&rite  {heatingine)  at  Hamburg  and  Sterling,  New  Jeaoj. 
from  p6(^ov^  a  foM,  in  allusion  to  the  color. 

roNiTE— Tridinio.  9ESiO.-+-FeSi.O.,  with  R=Fe(Mn) :  Ca(Mg)=2  :  8  (Banun.). 
Etammelaberg,  SiO,  51*22,  FeO,  1100,  FeO  10-26,  MnO  7*91,  MgO  077,  OaO 
=0*44=100*92.    Color  greenish-black.    Arendal;  Nassau;  Devonshire;  Bavena. 


SPODUMXINI]. 

jHnic.      (7=69°  40'  /A  7=87°,    C>  A  24  =  130°  30'.      Cryatato 
Cleavage:  i-i  very  perfect;  /  also  perfect; 
ices ;  in  strise  on  i-i.    Twins :  twinning-plarie  628 

\o  massive,  with  broad  cleavage  surface. 
•5-7.  G. = 3- 1 3-3-19.  Lustre  pearly.  Cross 
vitreous.  Color  grayish-green,  passing  into 
-white  and  grayish- white,  rarely  faint-i-eddish. 
ncolored.  Iransluceut — subtranslucent.  Frao- 
jven. 

-3BSiO.+4AlSi.O»;  R=Lii  mostly.  Silica  04  2,  alu- 
lithia  0*4=100.  Sometimes  Li  :  Na(K)=20  :  1,  Ramm. 
o. — B.  B.  becomes  white  and  opaque,  swells  up,  imparts 
id  color  (lithia)  to  the  flame,  and  fuses  at  8  '5  to  a  dear 
lass.  The  powdered  miDeral,  fused  with  a  mixture  of 
bisulphate  and  fluor  on  platinum  wire,  gives  a  more  in- 
I  reaction.  Not  acted  upon  by  acid& 
istingnished  by  its  perfect  orthodiagonal,  aa  well  aa 
cleavage ;  has  a  higher  specific  gravity  and  more  pearly 
I  feldspar  or  scapolite.  Qives  a  red  flame  B.B. 
cours  on  the  island  of  Uto,  Sweden ;  near  Sterzing  and 

he  Tyrol;  at  Killiney  Bay,  near  Dublin,  and  at  Peterhead  in  Scotland.  At  Goshen, 
o  at  Chesterfield  and  Norwich,  MaiM?. ;  at  Windham,  Maine ;  at  Winchester,  N.  H. ; 
)ld,  Ct. 

TE.— 3LiaSiaOft+4AlSi,Oie=Smca  77*97,  alumioa  17*79,  lithia  8*57,  soda  0^7= 
im.  Q.  ratio  Li  :  iV:l  :  Si=l  :  4  :  20,  or  for  bases  to  silicon=:l  :  4.  H.=6-6*5.  Q. 
doileas;  white.     Uto,  Sweden;  Elba  (ccutorite)  \  Bolton,  Mass. 


Norwich,  Mass. 


Amphibole  Section, 


rhombic.     I\I=  125°  to  125^  25'.     Cleavage:  i^  perfect,  /  lefB 
fficult.     Commonly  lamellar,  or  fibrous  massive ;  fibres  often  very 

•5.    G.=3'l-3-2.     Lustre  somewhat  pearly  upon  a  cleavage  but- 

3olor  brownish-gray,  yellowish-brown,  brownish-green,  sometimes 

Hie.     Streak  uncolorea  or  grayish.     Translucent  to  subtmnslucent. 

Double  refraction  positive;   optical  axes  in  the  brachydiagonal 
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Oomp— (Fe,M|r)SiO.,  Pe  :  Sfe^l  :  8=8ilica  Mfl,  nwgnem*  B7'B,  Iron  protoxide  I«*7= 
100, 

Pyr^  «to, — B.  B.  fnaei  with  great  difficulty  to  s  black  Buigiietio  enamel ;  with  the  flnzM 
gives  reactions  for  iron  ;  unacted  npon  by  adds. 

Oba. — Occnrs  near  Boitgibei]gf  in  Norway,  and  near  Modnm.     Also  at  BBrmaonaoUag, 


3  the  Amphibole  Group  that  enstatite  and  hyper- 


AnthophjUite  bears  the  same  relation  t 
■thene  do  to  the  Pyroxene  Oroap. 

Edpfpbrite.— Probably  HgSiO],  with  a  little  Fe.  iA  7=124°  SO',  henoe  ai 
hUnde.  Color  emerald -green  (ohrome).  Tanldosk  Mts. ,  Miack.  Analysia  of  a  similar  min- 
eral from  Perth,  Canada,  Thomson,  BiO,  fi7-60,  -MO,  820,  FeO  210,  HgO  29'SO,  CaO  8-S5, 
Ign.  8-56=09-80. 


AUFHIBOLB.    Eornblkuds. 

Monoclinic.  O  =  75"  2',  /A  7^=  124"  30',  C  A 14  =  164°  10',  c:l:d 
=0-5527  :  1-8825  : 1.  Crystals  sometimes  stout,  often  long  and  hiatied. 
Cleavage:  /  liigbiy  perfect;  iiji-i  sometimes  distinct.  Lateral  plaDM 
often  longitiidinnlly  striated.  Twins:  twinning-plane  t-i.as  in  f.  527  (simple 
form  f.  526),  and  530,  Imperfect  crystallizations:  fibi-oiis  or  columnar, 
coarse  or  fine,  fibres  often  like  flax;  sometimes  lamellar;  also  granular 
massive,  coarse  or  fine,  and  usually  stronglj'  coherent,  bnt  sometimett 
friable. 


SH  6^'; 


H.:=5-6.  G.=29-3-4.  Lustre  vitreous  to  pearly  on  cleavage-faces; 
fibrous  varieties  often  silky.  Color  between  blacK  and  white,  through  vari- 
ons  shades  of  green,  inclining  to  blackish-green.  Streak  uncolored,or  paler 
thaneolor.  Sometimes  nearly  transparent;  nsuallysiibtranalucent — opaque. 
Fracture  subconchoidal,  uneven.  Bisectrix,  in  most  varieties,  inclined  aI>ont 
60°  to  a  .normal  to  0,  and  15°  to  a  normal  to  i-i;  and  double  refraction 
negative. 

Ootup.,  Tar. — Oenetal  fonnnla  BSiOi,  aa  for  pyroxene.  Alnminnm  in  present  in  moat 
ampbibole,  and  when  so  it  nsiislly  replaces  silicon.  R  may  correspond  to  two  or  more  of  the 
badaelemont8Hg.Ga.Fa,Un.?)a,,K,,H,;  and  R  to  :\1.  Fe  or  Mn.  ¥e  sometiinea  replaoei 
^onn.  like  M.  Haoh  amphibole,  especially  the  aluminons,  oontains  some  Qaohne.  The  baae 
ealcinm  ia  absent  from  HOme  varieties,  or  nearly  so. 

The  earittieii  ot  amphibole  are  as  nuioerous  as  those  of  pyroxene,  and  for  the  nme  leaaaai; 
and  they  lead  in  ^neral  to  similar  snbdivisiona. 
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1    CONTAIKINO    LITTLB    OR    NO    ALUMINA. 

xetiO'IAme Ampfubole ;  Trbmolitr.  Grammatite.  Colors  white  to  darkgfraj.  la 
crystals,  either  long  bladed  or  short  and  stout:  long  and  thin  columnar,  or  fibrous ; 
mpact  granular  massive.  iA /^=124°  30'.  H.=5()-6-5.  G.=2  9-3-1.  Sometimes 
rent  and  colorless.  Contains  magnesia  and  lime  with  little  or  no  iron  ;  formula  (Ca, 
>t,  Ca  :  Mg=l  :  3=Silica  57-70,  magnesia  28  85,  lime  13-35=100.  Named  Tremolitehj 
em  the  locality  at  Tremola  in  Switzerland. 

nuTB. — In  part  a  tough,  compact,  fine  grained  tremolite,  having  a  tingle  of  green  ox 
id  breaking  with  a  spUntery  fracture  and  glistening  lustre.  H.  =6-6  '5.  O.  =2 '96-3'  1. 
from  a  supposed  efficacy  in  diseases  of  the  kidney,  from  ve<pp6Cy  kidney.  It  occun 
associated  with  talcose  or  magneMian  rocks.  Nephrite  or  jade  was  brought  in  the 
\  carved  ornaments  from  Mexico  or  Peru  soon  after  the  discovery  of  America.  A  simi- 
le  comes  from  China  and  New  Zealand. 

>hrite-like  mineral,  called  haweaite^  from  Smithfield,  B.  I.,  having  the  hardness  5*6  is 
iine  in  composition.  The  jade  of  de  Saussure  is  the  %avB9urite  (see  under  Zotsitb) 
younger  de  Saussure.  Another  aluminous  jade  has  been  called  jadeUe  (q.  v.)  by 
r. 

istia- Lime -Iron  Amphibole ;  Actinolite.  Strahlstein,  Oerm.  Color  bright-green 
ijish-green.  In  crystals,  either  short  or  long-bladed,  as  in  tremolite ;  columnar  or 
;  granular  massive.  G.  =3-3  2.  Sometimes  transparent.  Contains  magnesia  and 
it^  some  iron  protoxide,  but  seldom  more  than  6  p.  c. ;  formula  (Ca,Mg.Fe)SiOt. 
riety  in  long  bright-gpreen  ciyetals  is  called  glassy  actinoUte  ;  the  crystals  break  easily 
die  prism.  The  fibrous  and  radiated  kinds  are  often  called  asbestiform  actinalUe  and 
d  aciinoUte.  Actinolite  owes  its  green  color  to  the  iron  present. 
Magnesia  Amphibole  ;  Cummingtonite.  Color  gray  to  brown.  Usually  fibrous  oir 
mellar,  often  radiated.  G.  =3  1-3*32.  Contains  much  iron,  with  some  magnesia,  and 
r  no  lime.  Formula  (Fe,Mg)SiOs.  Named  from  the  locality,  Cumming^n,  Mass. 
;otu&  Tremolite,  actinolite,  and  other  varieties  of  amphibole,  excepting  those  con- 
much  alumina,  pass  into  fibrous  varieties,  the  fibres  of  which  are  sometimes  very 
ae,  flexible,  and  easily  separable  by  the  fingers,  and  look  like  flax.  These  kinds,  like 
^responding  of  pyroxene,  are  called  asbestus  (fr.  the  Greek  for  inwmJbustiMe).  The 
rary  from  white  to  green  and  wood- brown.  The  name  amianthus  is  now  applied  usa- 
the  finer  and  more  silky  kinds.  Much  that  is  so  called  is  ehrysotile,  or  fibrous  serpen- 
containing  12  to  14  p.  c.  of  water.  Mountain  leather  is  a  kind  in  thin  flexible  sheets, 
)f  interlaced  fibres  ;  and  mountain  e</rk  (Bergkork)  the  same  in  thicker  pieces ;  both 
light  as  to  float  on  water,  and  they  are  often  hydrous.  Mountain  wood  (Bergholi, 
>eet,  Ge/ty/n  )  is  compact  fibrous,  and  gray  to  brown  in  color,  looking  a  little  like  dry 


XL  Aluminous. 

tifiaus  Magnesia- Lime  Amphibole.  (a)  Edenitb.  Color  white  to  gray  and  pale-green, 
ooolorless;  G.=  3 '0-3*059,  Ramm.  Resembles  anthophyllite  and  tremolite.  Named 
le  locality  at  Edenville,  N.  Y.  (for  analysis,  see  below.)  To  this  variety  belong  various 
lored  amphiboles,  having  less  than  five  p.  c.  of  oxide  of  iron. 

*MARAODiTB  Saussurs,  A  thin -foliated  variety,  of  a  light  grass-gnreen  color,  resembling 
ommon  green  diallage.  According  to  Boulanger  it  is  an  aluminous  magnesia-lime 
)olo,  containing  less  than  3i  p.  c.  iron  protoxide,  and  is  hence  related  to  edenite  and 
it  green  Pargas  mineral.  DesCloizeaux  observes  that  it  has  the  cleavage,  and  appar- 
tie  optical  characters,  of  amphibole.  H.=5;  G.=3.  It  forms,  along  with  whitish  or 
h  eaoamirite,  a  rock. 

tirums  Magnesia- Lime- Iron  Amphibole.  {a)  Pargasitb;  (b)  Hornblende.  Colors 
dark,  green,  and  bluish-grreen  to  grayish-black  and  back.  / a/=124*'  1-124^  25' ; 
K^*47.  Pargasite  is  usually  made  to* include  gpreen  and  bluish-green  kinds,  occurring 
b  InttrouB  orjrstals,  or  granular;  and  /lornblende  the  g^reenish- black  and  black  kinds. 
It  in  stout  crystals  or  long  bladed,  columnar,  fibrous,  or  massive  granular.  But  no 
1  be  drawn  between  them.  Pargasite  occurs  at  Pargas,  Finland,  in  bluish -green  and 
i-Uaok  cxystals. 

poddon  shown  by  the  following  analyses  by  Bammelaberg ;  (1)  from  Edenville ;  (Q 
erg^  Bohemia ;  (8)  Brevig. 
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SiO,  JtlO,  FeO,  FeO  MnO  MgO  CaO  NasO  K,0  U,0{ign) 

(1)     6107  5-75  2-86      23*87  12-42  075  084  0-4«=»8-Ig 

^2)     41-98  14-31  5-81  718  14-06  1255  1-64  154  0-20=9910 

(3)     43-28*  6-31  6*62  2172  M3  3  63       9  68  314  2-05  0  48=98  C3 

*  With  1«01  TiO,. 

Pyr.,  etc — The  obRervations  under  pyroxene  apply  also  to  this  species,  it  being  impossbic 
to  distingulHh  the  varieties  by  blowpipe  characters  alone. 

Diff. — Distinguished  from  pyroxene  (and  tourmaline)  by  its  distinct  prismatic  clesTage, 
yielding  an  angle  of  124^.  Also  in  colored  varieties  by  its  dichroism,  when  examined  in  thia 
sections.  Fibrous  and  columnar  forms  are  much  more  common  than  with  pyroxene,  lamellsr 
and  foliated  forms  rare.  Crystals  often  long,  slender,  or  bladed.  Differs  from  the  fibrooi 
seolites  in  not  gelatinizing  with  acids. 

Ittovioi'phous  and  IHmorphous  rdatian^  to  Pyroxene. — The  analogy  in  composition  between 
pyroxene  and  hornblende  has  been  abundantly  illuRtrated.  They  have  the  same  genenl 
formula ;  and  under  this  formula  there  is  but  one  difference  of  any  importance,  viz. ,  ^t 
lime  is  a  prominent  mgredient  in  aU  the  varieties  of  pyroxene,  while  it  is  wanting,  or  neirij 
so,  in  some  of  those  of  hornblende.  The  analogy  between  the  two  species  in  crystallizatioD, 
or  their  essential  isomorphism,  was  pointed  out  by  G.  Rose  in  1831,  who  showed  that  the 
forms  of  both  were  referable  to  one  and  the  same  fundamental  fonn.  The  prism  /  of  hon* 
blende  correspondH  in  angle  to  t-2  of  pyroxene.  Calculating  from  the  angle  /a  /in  pyroxene, 
67^  5',  the  angle  of  i%  is  precisely  124^  30  ,  or  the  angle  /a  7  in  hornblende.  But  while  thai 
isomorphous  in  axial  relations  or  form,  they  are  also  dimorphotii.  For  ( 1 )  the  cleavage  in 
pyroxene  is  parallel  to  the  prism  of  87**  5  ,  and  in  hornblende  to  that  of  124^".  (2)  The  oocor- 
ring  secondary  planes  of  the  latter  are  in  general  diverne  from  those  of  the  former,  so  that  the 
crystals  differ  strikingly  in  habit  or  system  of  modifications.  Moreover,  in  pyroxene  colum- 
nar and  fine  fibrous  forms  are  uncommon ;  in  hornblende,  exceedingly  common.  (8)  The 
several  chemical  compounds  under  pyroxene  have  one-tenth  higher  specific  gfravity  than  the 
corresponding  oneR  under  hornblende. 

Yom  Rath  has  described  the  occurrence  of  minute  crystals  of  hornblende  in  parallel  poa- 
tion  upon  crystals  of  pyroxene  (Vesuvius),  and  in  consequence  of  the  relation  between  the  twe 
forms,  thus  brought  out,  suggests  a  change  in  the  commonly  accepted  fundamental  form  d 
the  latter.  (Jahrb.  Min.,  1876.)  This  association  of  crystals  of  the  twospecieein  paziBei 
position  is  not  uncommon. 

Obs. — Amphibole  occurs  in  many  crystalline  limestones,  and  metamorphic  granitic  and 
schistose  rocks,  and  sparingly  in  serpentine,  and  volcanic  or  igneous  rocks.  Tremolite,  the 
magnesia-lime  variety,  is  especially  common  in  limestones,  particularly  magnesion  or  dolomi- 
tic  ;  actiuolite,  the  magnesia  lime-iron  variety,  in  steatitic  rocks ;  and  brown,  dark-gieen, 
and  black  hornblende,  in  chlorite  schists,  mica  schist,  gneiss,  and  in  various  other  roda 
(ayenyte,  dior^'te,  etc.),  of  which  it  forms  a  constituent  part.  Asbestus  is  often  found  in  con- 
nection with  serpentine.  Hornblende  is  often  disseminated  in  black  prismatic  crystals  through 
trachyte,  and  also  through  other  igneous  rocks,  especially  the  fe]d.spathic  kinds. 

Aussig  and  Teplitz  in  Bohemia,  Tunaberg  in  Sweden,  and  Pargas  in  Finland,  afford  fine 
■pecimens  of  the  durk-colored  honibiendcs.  AcUiwlite  in  tbc  Zillerthal;  tremolite  at  St. 
Gfothard,  in  granular  limestone  or  dolomite;  the  Tyrol ;  the  Bannat,  etc.  Aibt^tus  is  fooud 
in  Savoy,  Salzburg,  the  Tyrol;  in  the  island  of  Corsica.  Some  localities  in  the  U.  S.  are:- 
Carlisle,  Pelham,  etc.,  Mass.^  cummin gtonite  at  Cummington.  In  i'oun.^  white  crystals  of 
.tremolite  in  dolomite,  Canaan.  In  N.  York^  Willsboro',  St.  Lawrence  Co.;  Warwick;  with 
pyroxene  at  Edenviile;  near  Amity ;  in  Rossie ;  the  variety  pargatdte  in  large  white  ciTstilt 
•t  Diana,  Lewis  Co.  In  Penn.^  actiuolite  at  Mineral  Hill,  in  Delaware  Co.;  at  Unionrille. 
In  Maryland^  octinolite  and  asbestus  at  the  Bare  Hills ;  attbestus  at  Cooptown. 

Hkxagonite. — Described  as  a  new  mineral  by  Goldsmith,  but  shown  by  Koenig  to  be  only 
ATariety  of  tremolite.     From  Edwards.  St.  Lawrence  Co.,  N.  Y. 

ArfvedsonitI':. — Near  hornblende,  but  contains  alkalies.  Analysis,  Ramm.,  Greenland. 
BiO,  61-22,  A\Ot  tr..  FeO,  ZMTi,  FeO  780,  MnO  112,  CaO  208,  MgO  Q-OO,  Na.O  10-58, 
KtO  0*68,  ign  01G=i98-20.     Greenland  ;  Brevig  ;  Arendal. 

Crocidolitk. — Composition  uncertain,  near  arfvedsonite.  Analysis,  Stromeyer,  SiOi 
51-22.  FeO  34  08,  MnO  010.  MgO  248,  CaO  003,  Na,0  707,  HO  4-80=09-78.  Fibrooi, 
•sbestus-like.  Sometimes  altered  to  *''' Fa^erquarz.^*  Color  lavender-blue  or  leekgiees. 
Orange  river.  So.  Africa.     VoHges  Mts. 

Qastalditk. — Monoclinic.  Cleavage  prismatic,  /a  i  =  124^  25' (like  amphibole).  H.=^ 
6-7.  G.=3  044.  Color  dark-blue  to  azure-blue  Streak  greenish -blue.  Q.  ratio  R  :  fi  :  9i 
=1:2:6;  formula  R,Al.>Si,0,7,  with  R=Fe,Mg.Ca.Na,.  Analysis,  Striiver.  SiO-  5{<55. 
AlO,  21-40,  FeO  0  04,  MgO  3  92,  CaO  2  03,  Na.O  4*77,  K.O  tr^UU'Tl.  Occurs  in  cbloritt 
■Iste  in  the  valleys  of  Aosta  and  Looano. 

Glaucofiianb.— Monoclinic.    Cleavage  prismatic,  i  a  i=  124'' 51'.    H.=65.    G.  =8*0907 
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Color  blue,  blniBh-black.  Q.  ratio  for  bases  to  silicon  1  :  2.  Analysis  from  Zerniatt,  hj 
Bodewig,  SiO,  57-81,  AlO.  12*03,  FeO.  217,  FeO  6-78,  MgO  13*07,  CaO  2-20,  Na,0  783 
"=100'4B.     Also  from  ialand  of  Syra. 

WiCHTisiTS,  Finland. — Perhaps  identical  with  glaucophane. 
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Hexagonal.  Oa1  =  150°  3';  c  =  0-499.  Habit  prismatic,  the  prism 
often'  vertically  striated.  Cleavage  :  basal  imperfect ;  lateral  indistinct 
Occasionally  coarse  columnar  and 
large  granular. 

H.  =  7-5-8.  G.  =  2-63-2-76. 
Lustre  vitreous,  sometimes  resin- 
ous. Color  emerald-green,  pale 
ereen,  passing  into  light-blue,  yel- 
low, and  white.  Streak  white. 
Transparent  —  subtranslucent. 
Fracture  conchoidal,  uneven.  Brit- 
tle. Double  refraction  feeble; 
axis  negative. 

Var. — Thia  specieB  is  one  of  the  few  that  ' 

oocsor  only  in  crystals,  and  that  have  no  es- 

pentiAl  Tariations  in  chemical  composition.  There  are,  however,  two  prominent  groups  depend- 
ent on  color,  the  color  varying  as  chrome  or  iron  is  present ;  bat  only  the  merest  trace  of  either 
exists  in  any  case.  The  crystals  are  usually  oblong  prisms.  1.  Emerald.  Color  bright 
emerald-green,  owing  to  the  presence  of  chromium.  Hardness  a  little  less  than  for  beryl, 
•ouording  to  the  lapidaries.  2.  Beryl.  Colors  those  of  the  species,  exceptiug  emerald-green, 
and  due  mainly  to  iron.  The  varieties  of  beryl  depending  on  color  are  of  importance  in  the 
arts,  when  the  crystals  are  transparent  enough  to  be  of  value  as  gems.  The  transparent 
bluish-green  kinds  are  caUed  aqwnnnriiie ;  also  apple -green ;  greenish -yellow  to  iron-yel- 
low and  honey-yellow.  DavidsoniU  is  nothing  but  greenish-yeUow  beryl  from  near  Aberdeen ; 
and  gonhenite  is  a  colorless  or  white  variety  from  Goshen,  Mass. 

Oomp— BetMSi60iB=SiUca  66-8,  alumina  19  1,  glucina  14-1=100. 

"Pytmi  etc — B.B.  alone  unchanged  or  becomes  clouded ;  at  a  high  temperature  the  edges 
«re  rounded,  and  ultimately  a  vesicular  scoria  is  fortnod.  Fusibility =5*5  (Kobell).  Glass 
with  borax  clear  and  colorless  for  beryl,  a  fine  green  for  emerald.  Slonrly  soluble  with  salt 
of  phosphorus  without  leaving  a  siliceous  skeleton.  A  yellowish  variety  from  Broddho  and 
Pinbo  yields  with  soda  traces  of  tin.     Unacted  upon  by  acids. 

XHffi — Difltingmshed  from  apatite  by  its  hardness,  not  being  scratched  by  a  knife,  also 
harder  than  green  tourmaline  ;  from  chrysoberyl  by  its  form,  and  from  euclase  and  topaz  by 
Its  imperfect  cleavage ;  never  massive. 

Obs. — Emeralds  occur  in  clay  slate,  in  isolated  crystals  or  in  nests  (not  in  veins),  near  Muso, 
etc.,  in  N.  Granada;  in  Siberia.  Transparent  beryls  {aquamarines)  are  found  in  Siberia, 
Hindostan,  and  BrazU.  Beautiful  crystals  also  occur  at  Elba ;  Ehrenfriedersdorf ;  Schlaoken- 
wsld ;  at  St.  Michaers  Mount  in  ComwaU  ;  Limoges  in  France ;  in  Sweden  ;  Fossum  in  Nor- 
way ;  and  elsewhere. 

Beryls  of  gigantic  dimensions  have  been  found  in  the  United  States,  in  .¥.  Ilainp.,  at 
Aoworth  and  Grafton,  and  in  Mnss,^  at  Boyalston ;  but  they  are  mostly  poor  in  quality.  A 
^Sfystsl  from  Grafton,  according  to  Prof.  Hubbard,  measures  45  in.  by  24  in  its  diameter,  and 
a  single  foot  in  length  by  calculation  weighs  1,070  lbs.,  making  it  in  all  nearly  2^  tons. 
Other  localities  are  in  Mass.,  at  Barre ;  at  Goshen ;  at  Chesterfield.  In  Conn. ,  at  Haddom ; 
Middletown  ;  at  Madison.     In  Fenn.^  at  LeiperviUe  and  Chester  ;  at  Mineral  Hill. 

BUDIALTTB. — BhombohedraL  Color  rose-red.  Exact  composition  uncertain.  Analysis, 
Dsmour,  SiO,  50*88,  ZrOa  15-60,  Ta.,0»  0-85,  FeO  0-37,  MnO  101,  CiiO  9  2:3,  Na-^O  13-10, 
01 1*48,  HaO  1-25=99*37.  West  Greenland.  Eucolitb  is  similar,  but  contains  also  some 
ef  the  cerium  metals.    Norway. 

PoLLUCiTB.— 3RiAlSi40,a-f2aq  with  R  =  mostly  Cs(Na.Li).  If  Na  :  Cs=l  :  2,  then 
840,  42*6,  ifklOi  18*2,  Cs.O  33*4,  Na^O  3*7,  H.O  2*1  =  100.  Isometria  Colorless.  Island  oi 
Bibs  with  castorite. 
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fi,  tlMisiuoATua.    Geniebal  FoBinju.  B^iO«. 

.Chri/soliia  Oroup. 

OHRTBOLmL    Olinne.     Peridot. 

ibic.    lAl=W2';  (^Al-i  =128°  2S':  o  :  5  :  d!  =  1-2588 

1-0729:1.  (?AM  =  130»26i'.  i- S 
684  A  i-i,  oy.  i-i,  =  130"  2'.     Oleavige 

i-i  rather  diHtiacL  Maauve  aacz 
compact,  or  gi-anular;  DEually  iwj 
imbedded  graiite. 

H.=6-7.  G.=3-S3-8-5.  Lu8tr« 
vitreoHs.  Color  green — cominoul^ 
olive-green,  Bometimea  jellow, 
browuisli,  graj-ieli-red,  grayiela- 
green.  Streak  tuaally  uncuLored, 
rarely  yellowish.  Transparent — 
translucent.     Fracture  couchoidal- 

Oomp.,  Var.— (Hg,Pe)iSiO.,  with  tmcei  at  timei  of  Mo,  Ca,  KL  The  amoaat  ot  iiaa 
Tariea  mnch.  If  Mg  ;  Fe=  12  :  1,  the  furmola  requircH  Silica  41  '39,  magneaia  SO-W,  iiOD 
proCoKide  TT1  =  1(HI;  Mf  :  Fe  =  9  :  1,  6  :  1,  etc.  end  ia  AgabMiderite  2  :  1. 

t^yr.,  etc. — B.B.  whiten,  bulls  infunble  ;  with  the  Duxes gire* Tsaotioni  for  iioo.  Hja- 
IcMiderite  and  other  viuietles  riob  in  iron  fuse  to  a  black  magnetic  globule.  Some  TwieUM 
[;ire  reacbiuOB  for  titamnm  and  mangaaese.  Decomposed  b;  b;drocblorio  add  with  sefan- 
lion  of  gelatinoiu  silica. 

Dlfi.— Diatiugaishcd  b.vits  infasibilitj.  Commonl;  observed  in  small  yellow  imbedded  gnin 

Obi — A  common  constituent  of  some  oraptiye  rocks  ;  and  also  occurring  in  or  among  mk- 
moiphic  rocks,  with  taloone  Bcbist.  bTpersthene  rocks,  and  serpentine  ;  or  as  a  rock  f oimstiM ; 
iklno  a  constituent  of  man;  motcorites  (e.g. ,  the  Pallas  iron). 

Occurs  in  emptive  loolu  at  Tesavius,  Sicil;,  Hecia,  Sandwich  Islands,  and  moat  Tokmnie 
inlands  or  regions ;  in  Auvergne  ;  at  Unkel,  on  the  Rhine  -  at  the  Laacher  See  ;  in  dolerite  a 
basalt  in  Canada.  Also  in  labradorite  rocks  in  the  White  Mountains,  N.  H.  (Ayaloaderilej ;  a 
Loudon  Co.,  Va. ;  in  Laaoastei  Oa.  Fa.,  at  Wood's  Uine. 

The  following  are  members  of  the  ChTytoiUa  Oroup  : 

FoRBTBRiTE.— Mg,SiO,.  Like  ohrTsoUte  in  phjuicol  characters.  VesuHns.  BOLTOBIH, 
eHsentinll;  the  same.     Bolton.  Mam. 

HuNTlCKi.i-lTK,  from  Ut,  Somma,  and  BATRAcniTK,  from  the  TttoI,  are  (Ca,Kg>iBiOi. 
withCa:  Mg=l  :  1.  H.=5-5-5.  G.  =3(Ki-:t-25.  Monticeltite  also  occun  in  large  qnantiUM 
(v.  RathJ  on  the  Pesineda  Alp,  Tjrol.  altered  tu  scrpeutine  and  taasaite, 

Fayalitb.— Fe,9iO..  G.  =  4-4  14.  Color  black.  Jn  Toicanio  rocks  at  Fmjul,  Amm; 
HoDme  Hts.,  Ireland. 

HoKTOMOLlTE.  — (Fe,Mgl:,SiOi,  with  Fe  r  Mg=3  :  2.     O'Keil  mine,  Orange  Co..  H.T. 

Thphroitk-— Mn.SiO,,    0.=4-412.    Color  reddUb-brown.    Sterling  UUL  N.  J. ;  Swed* 

BoKl'PKHlTK.  —  An  iron-mangiineae-zlnc  chrysolite.  U.=iJ-5-0.  G.=3'U5-4-08.  CoW 
dark-green  to  black.     Stirhng  Hill,  N.  J. 

Kkkbblitb.— (Fe,MQ)iBiOi,  with  Fe  :  Mn=l  :  I.     G.=4-12.     Color  graj.     Dannenon 

LBrcoPHANITB.— rompodti<m  given  b7  the  analysis  (Ramm.)  SiO,  47  03,  :^10t  1-03,  B^O 
10-70,  CaO  23-37,  B^  0-17,  Na,0  11-26,  K,0  0  30,  F  6-57=100  «,  Orthorhombio.  0.= 
il'07.     Color  graeniab -yellow,     Ouann  in  syenite  on  the  isliutd  ot  Lamoe.  Norway. 

KELIPiIAMrTB  (Metinophan).  — Composition  given  by  the  analysis  (Ramm.)  SiOi43A 
*10.(PeO.)  1-57,  BeO  11-74,  CaO  2a-74,  MgO  Oil,  Na,0  M5S,  K,0  140,  H,0  OSO,  F  S"!* 
=89-80.     G.  =3-018.     Orthorhombia     Color  yellow.     Fredriksvarn,  Norwa/. 

WnHLEBiTE.— Composition  given  by  the  anaJjEia  (Ramm.)  SiO.38-4:], Cb,0, 14'41, ZlA 
19-68,  CaO  20-18.  FeOtHnOj  250,  Na,0  7-78=98-93.  Uonoolinio.  a.=S'41.  Cateli|U' 
L  yaUow.     Near  Brevig,  Norway. 
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WiUemite   Oroiip, 

WIXXEMITB.  l/ 

ohedral.  IiAli  =  116°  1\0aII  =  142°  ir ;  (5  =  0-67378.  Cleav- 

jasy  in  N.  Jersey  crystals ;  O  easy  in  those  of  Moresnet    Also 

id  in  disseminated  grains.    Sometimes  fibrous. 

).     G.=3'89-4-18 ;  4*27,  transparent  crystals 

).    Lustre  vitreo-resinous,  rather  weak.     Color 

r  greenish-yellow,  when  purest ;   apple-green, 

gi-ayish-white,  yellowish-brown ;  often  dark- 

len  impure.     Streak  uncolored.     Transparent 

e.      Brittle.      Fracture  conchoidal.      Double 

.  strong ;  axis  positive. 


535 


e  crystals  of  Moresnet  and  New  Jersey  differ  in  occurring 
)  latter  are  often  quite  large,  and  pass  under  the  name  of 
ley  are  commonly  impure  from  the  presence  of  man* 
iron. 

5n,Si04=SUica  27-1,  zinc  oxide  72-9=100. 
. — B.B.  in  the  forceps  glows  and  fuses  with  difficulty  to 
mel ;  the  varieties  from  New  Jersey  fuse  from  8*5  to  4. 
ed  mineral  on  charcoal  in  R.F.  gives  a  coating  yellow 

kL  white  on  cooling,  which,  moistened  with  solution  of  cobalt,  and  treated  in  O. 
d  bright  green.  With  soda  the  coating  is  more  readily  obtained.  Decomposed 
oric  acid  with  separation  of  gelatinous  silica. 

)m  Vieille-Montague  near  Moresnet ;  also  at  Stolberg;  at  Baibel  in  Carinthia; 
in  Servia,  and  in  Greenland.  In  New  Jersey,  at  both  Franklin  and  Stirling  in 
ty  as  to  constitute  an  important  ore  of  zinc.  It  occurs  intimately  mixed  with 
fzanklinite,  and  is  foimd  massive  of  a  great  variety  of  colors,  from  pale  honej* 
ight  green  to  dark  ash-gray  and  flesh-red  ;  sometimes  in  crystaLs  {troostUe). 


DIOPTASB.    Emerald-Copper. 

ohedral ;  tetartohedral.     JiAJS  =126^  24' ;  OaR=  148°  88' ; 
1.     Cleavage:  i?  perfect.     Twins:  twinning- 

Also  massive.  636 

G.=3-278-3-348.  Lustre  vitreous.  Color 
Teen.  Streak  green.  Transparent — subtrans- 
?racture  conchoidal,  uneven.  Brittle.  Double 
I  strong,  positive. 

J.  ratio  for  Cu  :  Si  :  H=l  :  2  :  1 ;    formula  HaCuSiO* 
Jilica  38  "1,  copper  oxide  50  4,  water  11 -5 =100. 
i — In  the  closed  tube  blackens  and  yields  water.     B.  B. 
,  colors  tne  flame  emerald-green,  but  is  infusible.      With 
pves  the  reactions  for  copper.    With  soda  on  charcoal  a 
letallic  copper.    Decomposed  by  acids  with  gelatinization. 
)pta8e  occurs  disposed  in  well-defined  crystals  and  amor- 
Arts,  occupying  seams  in  a  compact  limestone  west  of  the 
u-Tubeh  in  the  Kirghese  Steppes ;  also  in  the  Siberian 
gB.     Also  reported  as  found  in  the  Duchy  of  Nassau,  be- 
ahnstein  and  Braubach. 
rs. — BeaSi04.   Bhombohedral.   Colorless.    Resembles  quartz.    Takovaja;  Miaak; 
Jexioo. 
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Fribdblite.— Rhombohedral.  OaJ?=U7<';  JRaBz=12S''  43'.  CleaTair«*'  0 
H.— 4.75.  G.=8.07.  Also  massive,  saoobaroidal.  Color  rose-red.  Transluoent.  Doabii^ 
refraction  strong,  axis  negative.  Analysis,  SiO,  86.12,  MnO  (FeO  tr)  68-05,  MgO,  C«0  SiMfe 
H,0  7-87=  100.  This  corresponds  to  the  formula  Mn4SisOio+2HsO.  If  the  water  i« ' 
as  in  dioptase,  with  which  it  seems  to  be  related  in  form,  the  formula  is  H«Mn48iaOis: 
R.Si04.  This  requires  SiO,  86  00,  MnO  56  80,  H,0  7*20=100.  Occurs  with  diallogite. 
alabandite  at  the  mang^anebe  mine  of  Adervielle,  Hautes-Py rentes.  (Bertrand,  G.  B., 
1876.) 


Isometric :  tetmhedral.     Cleavage  :  octahedral,  in  traces. 

H.=6-0-5.  G.=3*l-3-3.  Lustre  vitreous,  inclining  to  resinous.  Color 
honey-yellow,  inclining  to  yellowish-brown,  and  siskin-green.  Streak  un- 
colored.     Subtmnslucent.     Fracture  nneven. 

Oomp — Q.  ratio  for  R  :  Si=l  :  2  ;  for  Mn  +  Fe  :  Be=l  :  1 ;  formula  3(Be,Mn,re),8i0i+ 
(Mn.Fe)S  (Bamm.).  Analysis  by  Teioh,  Lupikko,  Finland,  SiOa  80-31,  BeO  10*51,  MnO 
37  87,  FeO  10-37,  CaO  4-72,  ign  0  22,  S  5-95=99'9o. 

Pyr.,  etc. — Fuses  at  3  in  B.F.  with  intumescence  to  a  yellowish-brown  opaque  bead,  beoom* 
ing  darker  in  B.F.  With  the  fluxes  gives  the  manganese  reaction.  Decomposed  by  li^dro- 
ehloric  acid,  with  evolution  of  sulphuretted  hydrogen,  and  separation  of  gelatinous  siliok 

Obs. — Occurs  in  gneiss  at  Schwarzenbeig  in  Saxony ;  at  Breitenbrunn.  Saxony ;  at  Horte* 
kulle  near  Modum,  and  also  at  Brevig  in  Norway,  in  zircon-syenite. 

DANAUTB. 

Isometric.  In  octahedrons,  with  planes  of  the  dodecahedron ;  the  dodo- 
cahedral  faces  striated  parallel  to  the  longer  diagonal. 

H. =5*5-6.  G. = 3'427.  Lnstre  vitreo-resinous.  Color  flesh-red  to  gray. 
Streak  similar,  but  lighter.  Translucent.  Fracture  subconchoidal,  uneven. 
Brittle. 

Comp — 3(Be,Fe,Mn,Zn)aSi04+(Fe,Mn,Zn)S.  Analysis  :  J.  P.  Cooke,  Rockport,  SiOt 
81-73,  FeO  2740,  MnO  «-28,  ZnO  17-61,  BeO  13  83,  S  6-48=102  23.  By  subtracting  from 
the  analysis  oxygen  2  74,  equivalent  to  the  sulphur,  the  sum  is  99-49. 

Pyr.,  etc. — B.B.  fuses  readily  on  the  edges  to  a  black  enamel.  .  With  soda  on  charcoal  gives 
a  slight  coating  of  zinc  oxide.  Perfectly  decomposed  by  hydrochloric  acid,  with  evolutiaDof 
sulphuretted  hydrogen  and  separation  of  gelatinous  silica. 

Obs. — Occurs  in  the  Rockport  granite,  Cape  Ann,  Mass.,  small  grains  being  disseminatfid 
through  this  rock ;  also  near  Gloucester,  Mass. 

Bdlytite  (Kieselwisociuth,  Oerm.), — Isometric,  tetrahedral ;  in  minute  crystals  oftoi 
aggregated  together.  H.  =4 •6-5.  6.  —6*106.  Color  gi-ayish-white  to  brown.  Comp.  A  uni- 
sUicate  of  bismuth,  Bi^SisOia.  Schnecberg.  AgricoUte.  Composition  similar,  but  form 
monoclinia  Occurs  in  globular  masses  having  a  radiated  structure,  and  in  indistinct  groDp> 
of  crystals     Schneeberg  (color  hair-brown)  and  Johanngeorgenstadt  (color  wine -yellow). 

BiBMUTOFBRRlTE.— Cryptocrystalline;  generally  massive.  H.=:3  5.  G.  =  4-47.  Color 
oUve-green.  Analysis  (Frenzel)  SiO,  2405,  l^eO,  33-12,  Bi,0,  42  83=100.  Schncebeig. 
Mffpocfdorite  is  homstone  mixed  with  the  above  mineral  and  other  impurities. 


Oamet    G-roup. 

OARNBT.    Granat,  Oerm, 


Isometric;    dodecahedron,  f.  537,  and  the    trapezohedron   2-2,  f.  538, 
die  most  common  forms;  octahedral   form   very   rare.    Distorted  form* 
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slwwn  in  f.  845-352,  pp.  105, 106.  Cleavage :  dodecahedral,  Eometimes  qnila 
diBtinct.  Twins:  twiimiiig-plaiie  uctaliedi'al.  Alsu  massive;  granular, 
n«UBe,  or  fine,  and  sumetiuies  friable ;  lamellar,  lamellee  thick  and  bent. 
-Also  very  compact,  crypto-cryBtalline  like  saiiasurite. 


H.=6'5-7-5.  G.=3'15-4-3.  Lustre  vitreous — tcfiiiious.  Color  red, 
brown,  yellow,  white,  apple-green,  black ;  somo  red  and  green  colore  often 
bright.  Streak  white.  Ti-aiispareiit — subtraiislueent.  fracture  snbcon- 
choidal,  uneven.  Brittle,  and  sometimes  friable  when  granular  massive; 
very  tough  when  compact  cryptocrystalline.  Sometimes  doubly  refracting 
in  consequence  of  lamellar  structure,  or  in  some  cases  from  alteration. 

Oomp.,  Var.— Oamat  ia  a  anisilieBte  of  element 
biTing  the  general  fonnala  ItiflSiiOn.  There  e 
Uhure  of  the  predominating  Beaqnioxide. 

I.  ALOHIKA  garnet,  in  which  atuniinuin  (M)  predominates . 

II.  Iron  oabhki,  in  vhich  iron  (Fe)  pec dom' nates,  usuall;  with  some  alumiauio. 

III.  Chuouk  aAKNKT  in  which  eAromium  {Hi)  is  most  prominent. 

There  are  the  following  TBjieties  or  HObBpeoies,  based  on  the  predominance  of  one  oi  another 
of  the  protoiidea : 

A-  OuossuLARrrii.  or  lAme-Alamina  garnet.  B.  Pvkopb,  or  l^fignetia- Alumina  ganteL 
O.  Al.MATJDiTG.  or  Iron-Alumina  garnet.  D.  SPESaAiiTiTR,  or  ManQunene- Alumina  aarnet, 
fe.  Andraditr,  or  Lime-Iroa  garnet,  including  1,  ordinary ;  2,  raoDgaiiesiaii.  or  RilAoJJlte  ; 
8,  7ttrifen>iu.  or  Ytter-garnet.  F.  Bhkdiikroitk.  or  Limt-MiignaUi-Iroii  g'irnet.  Q. 
OUTAROvrrB,  or  Lime- Chrome  garnet.  Excepting  the  last,  these  sabdivisiong  blend  with  one 
Another  more  or  less  complete!;. 

A.  Xtnu-.lfuniifi'i^nr/j^t;  Qitossur.AnrTE.  Cinnamon  stone.  A  silicate  maini;  of  alumin am 
«T>d  calcium;  formnla  moetl;  Ca,AlSi,On-SilLca  40-0,  alumina  22'».  lime  ;{T'3=10<).  But 
ttome  oaiciam  often  replnoed  hy  iron,  and  thus  {graduating  toward  the  Almandite  group.  Colot 
<«)  white;  (4)  pale  green ;  (b)  amber-  and  honej-yellow;  (di  wine -yellow,  brownish-yellow, 
dnnamon- brown :  rarely  («)  emerald-green  [ram  the  presi^nce  of  chromium.     G.  =34-3"7.1. 

B.  Mrgnena-Almiuiia  garnet ;  PlfnoPK.  A  silicate  of  alnininnra,  with  various  protoxide 
tmnea.  among  which  magnesium  predominates  much  in  ntomic  proportiona,  while  in  smnll  pm- 
portiOD  in  other  gar  new,  or  absent  Formula  (Mg.Ca.Fe.Mii),  vISijOi.-.  The  orieinnl  pyroira 
is  the  kind  containing  chromium.  In  the  amilysiHot  the  Aretidal  m^igncHia-garnet.  Mg  :  Ca  : 
re-HMn=3  ;  1  :  2;  SiO,  42-4-i,  AlO.  2a-47,  FeO  "  2U.  MnO  (!-2T.  Mg<)  l:(  4:{,  CaO  (1-j3=j 
100-44  Wacht     6.  =3157.     The  name  W'^>«  i»  from  -■■  •■■•  •!•  ■.  fiif-'ikf. 

O.  Tron-Aiumina  gamel ;  Al,i(ANl>lTli.  A  Biliente  mainly  of  nlurainum  and  iron  (Fel; 
formula  FoiAlSiiO,,^  Silica  aiii,  alumina  2011,  iron  protoxide  4:I'U  =  100:  or  Mn  may  re- 
place some  of  the  Fe,  and  i'e  part  of  the  M.  Color  fine  deep-red  nn-l  transiutient,  and  then 
colled  pretioia  gurnet  ;  also  brownish-red  and  translucent  or  subtranslucent,  common  g"ruel; 
black,  and  then  referred  to  var.  melaniu.  Port  of  comnum  garnet  belougB  to  the  AndraiSU 
froup,  or  ia  iron  gameL 
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D.  Manganeae- Alumna  garnet;  Spessabtitb.  Color  dark  hyacinth-xed  (fr.  SpewMt)^ 
somctimeB  with  a  shade  of  violet,  to  brownish-red.  G.  =3*7-4*4.  AualyaiBy  Haddam,  C&, 
SiOs  36*16,  AlOi  19*76,  FeO  11*10,  MnO  3218,  MgO  0*22,  GaO  0*58=100,  Bamm. 

E.  Lime-Iron  f/arnet ;  Andradite.  Aplome.  Color  ▼arions,  inclnding  wine-,  topai-, 
aud  greenish-yellow  (topazolite),  apple-green,  brownish  red,  brownish-yellow,  gxajiah-gxwii, 
dark  green,  brown,  gnrayish- black,  black.    G.  =8.64-4. 

Comp. — CaaFeSisOta,  this  includes :  (a)  Topazolite,  having  the  color  and  transpazency  of 
topaz,  and  also  sometimeH  green ;  ulthoagh  resembling  essonite,  Damour  haa  shown  thai  it 
belongs  here,  (b)  VoU/photuti\  n  coarse  granular  kind,  brownish-yellow  to  dark  reddish- 
brown  in  color,  re»nouH  in  lustre,  and  usually  with  iridebcent  hues ;  named  after  the  rtsn 
coioplvony.  (c)  MeUtuite.  (named  from  ,SAar^  black),  black,  either  dull  or  Instrons:  hot  til 
black  garnet  is  not  here  included.  PyreneUe  is  grayiiih-block  melanite ;  the  originu  affoided 
Vauquelin  4  p.  c.  of  water,  and  was  iridescent,  indicating  incipient  alteration,  {d)  Darkgnen 
garnet,  not  distinguishable  from  some  alloohroite,  except  by  chemical  means. 

F.  Lime-Mtignctfia  Iron  garnet ;  Buedbergite.  A  variety  from  Sala,  Sweden,  ii  hen 
included.  Formula  (Ca.Mg)sFeSisOi9=Silica  37*2,  iron  sesquioxide  33*1,  magneait  12^4, 
lime  17*3=  100.     It  corresponds  under  Iron  garnet  nearly  to  aplome  under  Aiomina  gimetb 

G.  Lime-Chronie  garnet  ;  OvvAnoviTK.  A  silicate  of  calcium  and  chroraiom.  Foninli 
CaiOrSiaOn.  In  the  Ural  variety,  a  fourth  of  the  chromium  oxide  is  replaced  by  aluminum 
oxide;  that  is,  Al  :  Gr=  I  :  3  nearly.  Color  emerald-preen.  H.=7*5.  G.=3'41-3"52.  B.B. 
infusible ;  with  borax  a  clear  chrome-grreen  glass.     Named  after  the  Russian  minister,  UvaroL 

Pyr.,  ets. — Most  varieties  fuse  easily  to  a  light-brown  or  black  glass  ;  F.  =3  in  almsndite, 
spessartite,  grossularite,  and  allochroite  ;  3  '5  in  pyrope ;  but  ouvarovite  is  almost  infnnble, 
F.=6.  Allochroite  and  almandite  fuse  to  a  magnetic  globule.  Beactiona  with  the  floxM 
vary  with  the  basca  Almost  all  kinds  react  for  irou  ;  strong  manganese  reaction  in  epctttf- 
tite,  and  less  marked  in  other  varieties ;  a  chromium  reaction  in  ouvarovite,  and  in  moslpj* 
rope.  Some  varieties  are  partially  decomposerl  by  acids ;  all  cxco]/t  ouvarovite  are  decompoMd 
after  ignition  by  hydrochloric  acid,  and  generally  with  separation  of  gelatinous  silica.  Decom- 
posed on  fusion  with  alkaline  carbonates. 

DiSii — Ordinary  garnets  are  distinguished  from  zircon  by  their  fusibility  B.B.,  but  thejfiM 
less  readily  than  vesuvianite  ;  the  Ndtreous  lustre,  absence  of  piismatic  structure,  and  juasSlif 
the^orm,  are  characteristic;  it  has  a  higher  specific  gravity  than  tourmaline. 

0%8. — Garnet  crystals  are  very  common  in  mica  schist,  gnt  iss,  syenitio  gneiss,  and  hoKi* 
blende  and  chlorite  schist ;  they  occur  often,  also,  in  granite,  .<>yenit6,  crystalline  limestaoMi 
sometimes  in  serpentine,  and  occasionally  in  trap  aud  volcanic  tufa  and  lava. 

Some  localities  are:  Clniuunoii-stoiie  {Kixoh ite),  Ceylon;  Mussa-Alp  in  Piedmont. 
Grossularite,  Siberia;  Tellemark,  Norway;  Ural.  Aimandiie,  Ceylon,  Pegu,  Biaxil,  and 
Greenland.  Common  garnet  in  large  dodecahedrons,  Sweden  ;  Aiendal  and  Kougsbexg  in 
Norway,  and  the  Zillerthal.  MiltinUe  at  Vesuvius  and  in  the  Hautes- Pyrenees  (FgreneiU). 
Aplome  at  Sdhwarzenberg  in  Saxony.  Sptssartite  at  Spessart  in  Bavaria,  Elba,  at  St.  Uanel) 
Piedmont.      Ijyrope  in  Bohemia,  also  at  Zjblitz  in  Saxony.      OucaKniU  'n  the  Urals. 

In  N.  America  in  Afaine^  Phi[)p8burg,  Ruraford,  Windham,  at  Brunswick,  etc.  In  N.  Jlamp.^ 
Warren.  In  Alass.,  at  Carlisle;  maHsive  at  Newbury;  at  Chesterlield.  In  rV//i/i.,  trapoo* 
hedrons,  f-1  m  ,  in  mica  slate,  at  Reading  and  Monroe  ;  Haddam.  In  iV^.  y'ork,  at  Roger'* 
Rock;  Crown  Point,  Essex  Co.;  at  Amity.  In  j^.  Jeney,  at  Franklin.  In  Penn.,  in  Cherter 
Co.,  at  Pennsbury  ;  near  Knauertown,  at  Keims'  mine;  at  Chester,  brown;  in  Leiperrillflf 
red;  near  Wilmington.  In  CaUj'ornia,  in  Lo.s  Angeles  Co.,  in  Mt.  Meadows;  ouvaro?iteal 
New  Idria;  pyrope.  near  Santa  Fe,  New  Mexico.  In  Canada,  at  Marmora,  at  Grenville; 
chrome -garnet  in  Orford,  Cana<la. 

The  cinnamon- stone  from  Ceylon  (called  hyacinth)  and  the  precious  garnet  are  used  asgemi 
when  large,  finely  colored,  and  transparent.  The  stone  is  cut  quite  ihiu.  on  account  of  the 
depth  of  color,  with  a  pavilion  cut  below,  and  a  broad  table  above  bordered  with  small  faoeti. 
An  octagonal  garnet  measuring  8i  lines  by  6^  has  sold  for  near  $700.  Pulverixed  garnet  ii 
sometimes  employed  as  a  substitute  for  emery. 


Vesuvianite  Oroup, 
ZIRCON. 


Tetraij:onal.       0  A  1-i  =  147^ 


22';  (?  =  0-640373,  Haidiiiger.  /Al  = 
132"  V)\  Peaces  of  pyramids  sometimes  convex.  Cleavage:  / iniperfe* t, 
1  less  distiuct.     Also  in  irregular  forms  and  grains. 


oxrasa  oohpodhds — abhtdboub  siuoatbs.  zSS 

Y-6.  a.  =405-4-75.  Lustre  adamantine.  ColorlpBs,  pale  yellow- 
lyiah,  yellowisli-greeu,  bmwnish^jellow,  reddiah-ljixiwii.  Streak  un- 
.  Transparent  to  Babtransliiceut  and  opaque.  Fi'auture  ooiichoidal, 
it.    Doable  refraction  strong,  positive. 


Saoalpe. 


UcDoweU  Co.,  N.  0. 


Tbe  colorless  and  yellowiali  oc  Hmoky  lircons  of  Ceylon  hare  there  been  lo'<{;  colled 
in  jewelry,  in  allusion  to  the  fact  that,  while  resembling  the  diamond  ia  Inatce,  they 
nparatively  worthlegs ;  and  tbeoce  came  the'oame  ziroon.  The  biownisb,  orange,  and 
linds  were  called  distinotiTely  /lyiifinl/a — a  name  applied  also  in  jewelij  Co  some  topai 
i-COlored  garnet. 

^ZrSiO,  =  Silica  US,  liroonia  67~]0a  Elaproth  dlBcoTered  the  earth  tiroonia  in 
iea  in  1789. 

Btc — Infusible  ;  the  oolorlea)  yarieties  are  nnaltered,  the  red  become  colorleaa,  while 
ned  TarieCies  are  madu  white  ;  soma  varieties  g]aw  and  increaM  ia  density  by  ignl- 
Dt  perceptibly  acted  upon  by  salt  of  phoxphoruE,  In  powder  is  decomposed  when 
th  soda  on  the  platinum  wire,  and  if  the  prndnct  is  dissolved  in  dilate  bydrochlorio 
Tes  the  orange  oolor  chacaeteristio  of  liroonia  when  tested  with  '  ' 

on  by  acids  except  ia  fine  powder  with  concentrated  sulpbnc 
1  with  alkaline  carbonates  uid  bisulphates. 
-Distinguished  by  its  adamantine  lustre,  hardness,  and  infosibihty  ;  the  ocoiurenoe  ol 
rismatic  forms  is  also  oharaoteristic 

Occnrs  in  crystalline  rockn,  especiiilly  g:rannlar  limestone,  cbloritio  and  other  schists  ; 
renite  ;  also  in  granite  ;  sometimes  in  iroa-ote  beds. 

ID  allnvial  sands  in  Ceylon  ;  in  the  gold  regions  of  the  tJral ;  at  Arendal  in  Korwsjy  ; 
rioksvam,  in  zircon-syenite ;  in  Transylvania;  at  Bilin  in  Bohemia. 
America.,  in  N.  York,  at  Horiah,  £^sei  Co. .  and  in  Orange  Co. ;  in  Warwick ;  neMT 
at  l>iana  in  Lewis  Co. ;  also  at  Rossie.  In  N.  Jtrtry,  at  Franklin ;  at  Trenton  in 
la  y.  Car.,  in  Bnncombe  Co.;  in  the  suids  o(  the  gold  washings  of  HcDowell  Oo. 
•mia,  in  the  anriferons  gravel  of  the  north  fork  of  the  Ameiioan  river,  and  els»- 
In  Canada,  at  Qrenville,  etc. 


ic  acid.     DtHwmposed 


TSSUVIANITB.    Idocbasb. 

agonal.  0M-i  =  151''  45';  c  =  0-537199  (v.  Kokachamf).  OaI 
'  46i'  1 A 1,  ov.  1-i,  =  129°  21',  Cleavage :  /  not  very  distinct,  O 
8  60.  Oolnninar  Btnicttiire  rai-e,  straight  and  divergent,  or  irregnlar. 
me&  granular  tnassive.  Prisms  usually  terminating  in  the  basid  plane 
ely  in  a. pyramid  or  zirconoid;  sometimes  the  prism  nearly  wanting, 
I  form  Bbort  pyramidal  vritli  tnineated  sniuniit  aud  edges. 


B:  R  VB1 

TftiieCieB. 
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G.=3'349-3-45.  Lustre  vitreous;  often  inclining  to  re- 
inous.  Color  brown  to  gran, 
and  the  latter  frequentlv  brigiit 
and  clear :  occ«sionallv  snlphm- 
yellow,  and  also  pale  blue ;  some- 
times green  along  the  aiii, 
and  piatachio-green  transverselj. 
StreaK  white.  SubtraiisinreDt— 
faintly  Biib translucent.  Fracture 
Bubconcboidal—uneven.  Double 
refraction  feeble,  asis  negative. 

Oomp^  Tar.— Q.  ratio  for  B :  fi :  Sj= 
4:3:7  (accoTdinft  to  Uie  Uteot  innrt- 
ntioos  of  lUmmelaberg).  B=C>  (iIn 
iSg,  Fg,  orH,.K,,Na,);  H=A:1  and  iWf*. 
If  wB  neglecc  tbe  water  the  empirical  fU- 
■RiSi,0,t,  where  the  qnsnIJTalent  ratio  of  baBes  to  silioon  is  1  :  1.  The  latiod 
es  mnch,  whieh,  aa  atated  by  Rammelsbe^.  is  the  explanation  of  the  diffuaat 
Analyaee  bj  BammeUberg.     (1)  Hontoni  •  ^2)  Wilui,  liibeiia. 


88M 


OH 


MgO        CaO      Na,0(K,0)      H,0 
2-11        3534  0  18  2-08=  99-15 

6-88       83-04  0-Oe  a82=10I«. 


Pyr.,  eta — B.B.  fnaea  at  8  with  iDtnmeacenoe  to  a  grreeniah  or  browuiah  ^aia.  JUpM 
atatei  that  tbe  density  after  fusion  is  2-03-2-940.  With  the  QuxesgiTeareaotioiiifotim, 
and  a  Taiiet;  from  St.  Maroel  gives  a  strong  manganese  reactioa,  Oyprine  girea  a  reautioa  IN 
copper  with  salt  of  phoepbonis.  Partiuliy  decomposed  b;  hydiochloiio  aoid,  and  oota^Ml 
when  the  mineral  has  been  previonalj  ignited. 

JMS. — BesembleB  some  brown  varieties  of  garnet,  tourmaline,  and  epidote,  but  it*  teCmgcMl 
form  and  easy  fusibility  diatinguUb  it. 

Oba. — Vesuvionite  was  first  found  among  the  ancient  ejections  of  Vemiviaa  and  the  dolo- 
tnitic  blocks  of  Somina.  It  has  since  been  met  with  moat  abundantly  in  granular  limestaw; 
also  in  serpentine,  chlorite  schist,  gneiss,  and  related  rocks.  It  is  often  anociat«d  with  Iiil>» 
garnet  and  pjroiene.      It  has  been  observed  iraliedded  in  opal. 

Occurs  at  Vesuvius  ;  at  Ala,  in  Piedmont ;  at  Monxoni  in  tbe  Fassathal ;  noai  ChditiaiMnd, 
Norway  ;  on  the  Wilui  river,  near  L.  UaikiU  ^  in  tbe  Urals,  and  elsewhere. 

In  N.  AmerioB.  in  M'liiif  at  Phippsburg  and  Rumford,  abundant ;  Hondford  (t  551}.  Il 
y.    York,  at  Amity.      In  jV.  Jerir},,  at  Newton.      In  Canada,  at  Calumet  Kalis;   atOrenviUa 

Melilitb  from  Capo  di  Bove,  and  Hcjmboldtimtb  from  Mt.  Somma.  areaimilar  intOB- 
position.  Analysis  of  the  melilite  by  Damour.  SiO,  3tt-34,  AlO,  tj  Ul,  ¥«0,  10-08,  CaOSl^ 
A^  S-Tl,  Na,0  2  12,  K,0  I-Sl  =  Ue-3a.     Tetragonal.    Color  honey-yeUow. 


Epidote  Group. 

The  species  of  the  Epidote  Group  are  charat^tcrized  by  high  apeciw 
gravity,  above  3  ;  hardness  above  5  ;  fusibility  B.B.  below  4 ;  anieoiiieir|« 
crj'stallization,  and  therefore  biaxial  polarization  ;  the  dominant  prismali': 
anfjle  112°  to  117°  ;  fibrous  forms,  w^ien  they  occur,  always  brittle ;  eoU"* 
white,  gray,  brown,  yellowish-green,  and  deep  green  to  black,  and  sou* 
times  reddish. 

I'he  prismatic  angle  in  zoisite  and  other  ortborhombic  speoies  is  Ja  /;  but  in  epidote  H' 
the  angle  over  a  horiiontal  edge  between  tbe  planes  O  and  ii,  the  ortbodiagonal  of  •pidM' 
corresponding  to  the  verLical  axis  of  Eoisile,  m  explained  under  tbe  lattec  qieoie^ 
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fiPIDOTZL    Pistaisite. 

Monoclmic.  C  =  89°  27' ;  i-2  A  t-2  =  63°  8',  (9  A  1-i  =  122°  23' ;  ^  :  J  :  rt 
=  0-48436  :  0-30719  :  1.  ON  14  =  154° 3',  O  A  -l-i  =  154°  15',  i4  A  -1 
=  104°  48',  i-i  A  1  =  104°  15'.  Crystals  nsnally  lengthened  in  the  direc- 
tion  of  the  orthodiagonal,  or  parallel  to  i-i;  sometimes  lon^  acicular. 
Cleavage :  i-i  perfect ;  1-i  less  so.  Twins :  twinning-plane  l-^ ;  also  i-i. 
Also  fibrous,  divergent,  or  parallel ;  also  granular,  particles  of  various  sizes, 
lumetimes  fine  granular,  and  forming  rock-masses. 
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H.=:6-7.  G.=3'25-3-5.  Lustre  vitreous,  on  t-i  inclininir  to  pearly  or 
t-eeinons.  Color  pistachio-green  or  yellowishgieen  to  brownish-green, 
greenish-black,  and  black  ;  sometimes  clear  red  and  yellow  ;  also  gray  and 
grayish' white.  Pleochroism  often  distinct,  the  crystals  being  usually  least 
irelfow  in  a  direction  through  1-i  (see  p.  162).  Streak  nncolored,  grayish. 
S iibtrausparent — opaque. ;  generally  subtranslucent  Fracture  uneven. 
Brittle. 


r. — ^Epidote  has  ordinarily  a  peoaliar  yellowLsh-green  (pistachio')  color,  seldom  found  in 
Diher  mineraU.  Bat  this  color  passes  into  dark  and  light  shades — black  on  one  side,  and 
brown  on  the  other.  Most  of  the  brown  and  nearly  all  the  gray  epidote  belongs  to  the  species 
^Soi^Ue  ;  and  the  reddish- brown  or  reddish-black,  containing  much  oxide  of  mangfanese,  to 
fche  species  PiedmontiU^  or  Manganepidot ;  while  the  black  is  mainly  of  the  species  AUanits^ 
or  Cerinm-epidote. 

Oomp. — Qnantivalent  ratio  f or  Ca  :  ft  :  Si=4  :  9  :  12,  and  H  :  Ca=:l  :  4.  The  formula  la 
tl&en  H9Ca4iiaSieO««.  il  is  Fe  or  Al,  the  ratio  varying  from  1  :  2  to  1  :  6.  Analysis,  Unter^ 
■alzbach,  Tyrol,  by  Lndwig :  SiO^  ST&J,  A\0,  2263,  FeO,  1502,  FeO  0  93,  CaO  2327,  H,0 
2*05=100*78.  As  first  shown  by  Ludwig,  epidote  contains  about  2  p.  a  water,  which  is 
^▼en  off  only  at  high  temperatures. 

Pyr.,  etc. — In  the  closed  tube  gives  water  at  a  high  temperature.  B.  B.  fuses  with  intumes- 
cence at  3-3  '5  to  a  dark  brown  or  black  mass  which  is  generally  magnetic.  Reacts  for  iron 
and  sometimes  for  manganese  with  the  fluxes.  PartiaUy  decomposed  by  hydrochloric  acid, 
but  when  previously  ignited,  g^atinizes  with  acid.  Decomposed  on  fusion  with  alkaline  car- 
bonates. 

Dift — ^Distinguished  often  by  its  peculiar  yellowish-green  color ;  yields  a  magnetic  globule, 
B.B.  Prismatic  forms  often  longitudinally  striated,  but  they  have  not  the  angle,  cleavage, 
or  brittleness  of  tremolite. 

Obs. — Epidote  is  common  in  many  crystalline  rocks,  as  syenite,  gneiss,  mica  schist,  hom- 
Uendic  schist,  serpentine,  and  especially  those  that  contain  the  ferriferous  mineral  horn- 
blende. It  often  accompanies  beds  of  magnetite  or  hematite  in  such  rocks.  It  is  sometimes 
found  in  geodes  in  trap ;  and  also  in  sandstone  adjoining  trap  dikes,  where  it  has  been 
formed  by  metamorphism  through  the  heat  of  the  trap  at  the  time  of  its  ejection.  It  also 
occurs  at  times  in  nodules  in  different  quartz-rorks  or  altered  sandstones.  It  is  associated 
often  with  quartz,  pyroxene,  feldspar,  axinite,  chlorite,  etc.,  in  the  Piedinontese  Alps. 

Beautiful  crystallizations  come  from  Bourg  d^Oisans,  Ala,  and  Traversella,  in  Piedmont  | 
Zermatt  and  elsewhere  in  Switzerland ;  Monzoni  in  the  Fassathal ;  the  Untersulzbachthal  and 
ZiUerthal  in  the  Tyrol 
In  N.  Amerioa,  occurs  in  Mais,,  at  Cheater  ;  at  Athol ;  at  Borne.    In  Conn.^  at  Haddam. 
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In  N.  York,  at  Amity  ;  near  Monroe,  Orange  Co. ;  at  Warwick.  In  N,  Jetuy^  at  FxiokiiD. 
In  Penn,^  at  E.  Bradford.  In  Michigan^  in  the  Lake  Superior  region.  In  Caniida^  at  8fc 
Joseph. 

PiBDMONTiTB  (Manganepidot,  Oerm,). — A  manganese  epidote ;  formula,  HsGa»fi«8]fOic| 
with  it  principally  Mn  (also  My¥e),  Ck>lor  reddish-brown.  St  Marcel,  Aosta  tbU^,  Pied- 
mont. 

AliliANITZ!. 

Monoclinie,  isomorphous  with  epidote.     (7  =  89^  1' ;  Oa  1-t  =  122^  50^', 

t-2  A  £-2  =  63**  58';  c  :  b  :  a  = 
0-483755  :  0-312187  :  1.  Crystab 
either  ehort,  flat  tabular,  or  long 
and  slender,  sometimes  acicular. 
Twins  like  those  of  epidote.  Cleav- 
age: i-i  in  traces.  Also  maeeive, 
and  in  angular  or  rounded  grainB. 

H. =5-5-6.     G.=30-4-2.  Lusti-e 
submetallic,  pitchy,  or   resiuous^ — 
occasionally  vitreous.     Color  pitcJv 
brown  to  black,  either  brownish,  greenish,  grayish,  or  yellowish.     Streftl^ 

fray,  sometimes  slightly  greenish  or  brownish.     Subtmnslucent — opaqa^ 
'racture  uneven  or  subconchoidal.     Brittle.     Double  refmctioii  either  dis- 
tinct, or  wanting. 

Var.—AUanite  (Oerine).  In  tabular  crystals  or  plate&  Color  black  or  browniah-Uac^ 
6.  =3 '50-3 '95;  found  among  specimens  from  East  Greenland,  brought  to  Scotland  by  ^ 
Oieseckc.  Bucklandite  is  anhydrous  allonite  in  small  black  ciystials  from  a  mine  of  magaetri^ 
near  Arendal,  Norway.  Referred  here  by  v.  Rath  on  the  ground  of  the  angles  and  ^ywto^ 
characters. 

OrViit^,     Including,  in  its  original  use,  the  slender  or  acicular  prismatic  cxystals,  oftec»   * 
foot  long,  containing  some  water.     But  these  graduate  into  massive  forms,  and  some  ortbiC*^ 
are  anhydrous,  or  as  nearly  so  as  much  of  the  allanite.     The  name  is  from  hft$6sy  ttrttig^^^ 
The  tendency  to  alteration  and  hydration  may  be  due  to  the  slendemess  of  the  ciystols, 
the  consequent  great  exposure  to  the  action  of  moisture  and  the  atmosphere.     11.  =~l 
G.  =2'80-3'75.     Lustre  vitreous  to  greasy. 

Comp. — Not  altogether  certain,  as  analyses  vary  considerably,  some  showing  the  presem 
of  considerable  water.     According  to  Rammelsberg  the  Q.  ratio  for  bases  to  silicon  =1  ^  ^| 
(epidote— IJ  :  1).     Allanite  has  then  the  garnet  formula,  RsH6isOj«,  where  R=Ce(La,I^  '^n 
Fe(Mn),  Ca(Mg),  and  occasionally  Y,Naa,Ka,  etc.;  ft=Alor  Fe.     Analysis,  allanite  (Ramm    ---j! 
Fredrikshaab,  SiO^  3378,  AlOs  1403,  FeO,  6-36,  FeO  13  63,  CeO  12-63,  LaO(DiO)  567,  Ci 
1212,  11,0  1-78=100. 

Pyr.,  etc. — Some  varieties  give  water  in  the  closed  tube.     B.B.  fuses  easily  and  swells 
(F.=2-5)  to  a  dark,  blebby,  mngaetic  glass.     With  the  fluxes  reacts  for  iron.     Most  varieti^'-^' 
gelatinize  with  hydrochloric  acid,  but  if  previously  ignit<;d  are  not  decomposed  by  acid. 

Obs. — Occurs  in  albitic  and  common  feldspathic  granite,  syenite,  rirooni^enite,  porphyi^>j] 
white  limestone,  and  often  in  mines  of  magnetic  iron.  Allanite  occurs  in  Greenland ;  ^^J* 
Criflfel  in  Scotland  ;  at  Jotun  Fjeld  in  Norway ;  at  Snarum,  near  Dresden  ;  near  Schmied^^^ 
feld  in  the  Thttringerwald.  Cerine  occurs  at  Bastnos  in  Sweden,  Orthite  occurs  at  Finfc^^^^ 
and  Ytterby  in  Sweden ;  also  at  Krageroe,  etc. ,  in  Norway  ;  at  Miask  in  the  Ural. 

In  JtfriM.,  at  the  Bolton  quarry.  In  Conn.,  at  Haddam  In  N,  York,  Moriah,  Essex  Cf^-^j 
■t  Monroe,  Orange  Co.  In  N.  Jersey^  at  Franklin.  In  Penn. ,  at  R  Bradford  in  Chester  Cc^-  i 
at  Easton.    Amherst  Ca,  Va.     In  Canada,  at  St.  Paul's,  C.  W. 

MuROHOMTrrB  and  BoDENrrB  from  Marienberg,  Saxony ;  and  MicnAEiiSONlTJB  fooc^ 
Brevig,  are  minerals  related  to  allanite. 

ZOI8ITE. 

orhombic.    /A  7  =  116^  40',  <?  A  1-i  =  131^  If  ;  (5 :  ?  :  J  =  1-149^ 
:  1.     Crystals  lengthened  in  tlie  direction  of  the  veitical  axis,  and 
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deeply  striated  or  furrowed.     Cleavage:  i-i  very  perfect.     Com- 
eryetalliite  masses  longitudinally  furrowed. 
)act  maeaive. 

i-5.  G.=311-3-3S.  Lnatre  pearly  on  i-i; 
1  8nrface  of  fraeture.  Color  grayish- white, 
owiah,  brown,  greenish-gray,  apple-green; 
-bloesom-red  to  rose-red.  Streak  nncolored. 
nt  to  BiibtranBluecnt.  Donbie  refraction 
:ic-axial  plane  i-l ;  bisectriK  positive,  normal 
sCl. 

KB-ZoiSTTB.  1.  OrdiiuiTy.  Colon  giav  to  n-bit« 
a.  EoM-red,  or  TAiiUte.  U.  =3-1 34;  frogile  ;  dichro- 
■Bpeci&lly  in  the  direction  of  the  vertical  axis  ;  in  this 
dish,  tnuuiTersely  colorless;  from  Norway,  PieUniont. 
rhicti  fonns  with  smaragdite  theeuphotideoC  the  Alps, 

.  Iime>epidot«,  with  little  oi  no  iron,  nod  thus  differing  from  epidote.    Q.  ntM 

1,  H  :  C»=l  :  4.  and  Ca  :  H  :  Si=4  :  9  :  12.  whence  the  formnla  H,Ca,R,3i.O,,. 

Lmm..  Goshen  (G.  ^3-341)   SiO,  *0(Hi.A10.  30  07,  FeO,  Sti.  CaO  2301.  MgO 

35=99  aa.     Tbeamouot  of  iron  se^iquioTide  Taries  fromOtoe-SS  p.  o.  ;  if  mnoh 

wnt.  amounting  to  a  sixth   atomicully  of  the  proCoKide  hasea,  the  compound 

>ke  the  monoclinio  form  of  opidote.  ingcsad  of  the  otthorhombie  of  loisite. 

— B.B.  Bwella  ap  and  fuses  at  <S-il  5  to  a  nbite  blebby  mana.     Not  decomposed  by 

prerionaly  ignited  gelatinizes  with  hydrochloric  ac}d, 

nn  at  Saualpe  in  Corinthia;  Baiieuth  io  the  Ficbtelgobirge  ;  Sterling,  Tyrol ; 

i;  Sc^warzwald;  Arendal,  etc.     Jn  tbc  Uiul«d  States,  fonnd  in    Vermont,  at 

1  Hontpelier.     In  Mat.,  at  Goshen,  Gbeslerlield,  etc.     In  Prnn. ,  in  Cheater  Co.; 

s,  white  ( UnioniU).     In  Tena. .  at  the  Ducktown  copper  mines. 

9  one  of  the  kinds  of  pale  green  stonta  uiwd  in  China  for  making  omaments,  and 

r  the  general  name  of  jade  or  nephrite      Mr.  Pumpelly  remarks  that  the  fal»\d 

e  moat  prised  of  all  atones  among  tbe  Chinese.      In  composition  m,iinly  a  silicate 

.  and  BodiuQL     In  ita  high  apecifio  gravity  lite  loieite. 

rfc. — Monoclinic  (Dead).     Color  greenish- black.     Containn  yttrinm,  oerinTu,  and 

Tjlliam  ;   though   the  lost  is   sometimes  absent,  through  alteration   (DetCL). 

eeolaod  ;  Nom-a;. 

TE. — A  silicate  containing  titanium,  cerinm,  and  calcium.     Brevig,  Korway. 


V 


ILTACTB.    Lievrite.     Tetdle, 


f^^ 


orabic.  7a  I  =112°  3S',  O  A  1-i  =  146°  24' ;  (■ :  * 
0^\  =  141"  24',  y  A  2-1  =  138°  29'.  Lateral 
illy  striated  lonwiciidiiially.  Cleavage :  parallel 
;er  diagonal,  indistinct.  Also  columnar  or  com- 
ve. 

-6.  G.=3-7-4-2.  Lustre  snbmetallic.  Color 
,  or  dark  gray ish-b lack.  Streak  black,  inclining 
r  brown.     Opaque.     Fracture  uneven.     Brittle. 

.  ratio,  for  E-hH  :  Si :  H  =  »  :  8  :  I,  and  for  baaea,  Indnding 
nlioon  6  :  4  iStadeler).  Sipocz  by  the  analyaiB  of  enCiiely 
yMtala  (G.  =4*0117)  tram  Elba  oonflrms  the  oonclusions  of 
isgard  to  the  prenenee  oF  ohemically  combined  water,  and 
HUne  formnla,  Tiz.;— H.Ca.Fe.FeSi.O,,.  Thia  requires: 
Iron  maquioiida  19-5G.  iron  protoxide  85  21,  lime  13-QO, 
lOOi  manganese  protoxide  is  also  sometimes  preaent in  amaill <iaaiititi«*.  lUm 
«id«ced  the  water  aa  dn«  to  aIt«ration. 


^i±^ 
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Pyr.,  ato—B.  B.  f a«ea  qnieUy  at  2  S  to  s  bluk  mmgnetSo  bead.  With  One  flnxea  Twoti  fa 
iron.     Some  vacietioa  give  oIbo  a  reaction  f 01  nunganese.     Qolatiniw  with  hydroehlodoMtt 

Ob>. — Found  in  Elba,  and  at  the  mine  of  Temperino  in  Tnocanr.  Abo  at  Famam  wd  it 
Skeen  in  Morwaf  ;  in  Siberia ;  neai  Andreasberg  ;  near  Predauo,  l^rol ;  at  Sdmeebay;  tt 
Hebmn  in  NawBia  ;  at  Kangferdlnarsok  in  Qieenland. 

Reported  as  formeilv  found  at  Cnmbeiland,  B.  I.;  also  at  HUk  Bow  qaanj,  SomenlDt, 
Haaa. 

ARDRNiriTK(I>ewatqait«).— Kear  Ilvaite  In  form.  Habit  priamatic;  ywUctHj  atriiM 
Gompoxitiaii  given  l^  the  analjnes.  Laaanbc  and  Bettendorf.  SiO.  39-60,  ]^]0)  3350,  IbtO 
aa-SH.  FeO.l  08.  CaO  1-81.  MgO  3-36.  V,0. 9-30.  ign.  4  04=9909.  Color  dai*  Rain -bnm 
In  thin  aplintera  tranapHTent.  Other  larietieB,  of  a  bright  anlphnr-yellow  color  (bat  Bfttpt 
and  dull),  contain  areenio  (9'33  p.  c.  AJt^O.I  inatcad  of  vanadinm.  Between  theee  Weei-  ^ 
tremea  are  a  aeciea  of  compoundii  containing  both  aiaenio  and  vanadium.     TjaanlT  nguh   j 


AXJtNITB. 


Triclinic.  CrystaU  iiBnally  broad,  and  acnte-edged.  Making  ffl  =  Ot 
P  =  '/,  «  =  y,  a  (brachyd.) :  J  (macrod.) :  c  =  0-40266  : 1 :  0-45113.  CIw- 
age:  i-i{v)  quite  distinct;  in  otlier  directions  indistinct.  Also  mmn, 
lamellar,  laniells!  often  curved  ;  BouiGtiines  granular. 


Dauphiny. 

II.  =65-7.  G-.=3-271,  Haidinger;  a  Comieh  specimen.  Lustre  bi^lj 
fjlnway.  0<.)lor  clove-brawn,  plum-blue,  and  pearl-gray;  exiiihita  tricliroisnii 
different  colors,  as  cinnamon- brown,  violet-blue,  olive-green,  being  seen  i" 
different  directions.  Streak  uiicoiored.  Transparent  to  sn btnuislnueiit. 
Fmctni-e  oon(;lK)ida].  Biittle.  Pyroelectric,  witb  two  axes,  the  analogiie(I') 
and  auttlogiie  (T)  [roles  being  situated  as  indicated  in  f.  558  (G.  Rose). 


Al  =  I;a).     AnnlyaiB  (Barnm.),  OiHiras.   bnuphinS,   SiO,  43-46.  B.O,  5-81,  AlO,  W* 
280,  FoO  fi-78.  MnO  2-l\2.  CbO  3019,  MgO  1-73,  K,0  0-11.  H,0  l-*J  =  101-0a 

etc B.  K.  fuaes  readilj  with  intuneecence.  imperte  a,  pale  gteen  color  to  tbaO.F.i 

t  S  to  a  dark  green  to  blaak  glaaa;  with  borax  in  O.F.  gives  an  amethjataM bM 
0 ,  whioh  in  E.  F.  beoomea  yellow  (iron).    Foaed  with  a  miztnre  of  potaadom  iW' 
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I  and  flaor  on  the  platinam  loop  oolors  the  flame  green  (boron).     Not  deoompooed  by 
f  bat  when  prexiooalj  ignited,  gelatinizes  with  hydrochloric  add. 

«• — Azinite  oocars  near  Bonrg  d'Oiaans  in  Dauphinj  ;  at  Santa  Maria,  Switzerland;  at 
;rt>eig ;  in  Normark  in  Sweden ;  in  Cornwall ;  in  Deyonshire,  near  Taviittock ;  at  PMpa- 
Maine ;  at  Wales,  Maine ;  at  Cold  Spring,  N.  T. 

HBCKITB.— TricUnia      CaB,SiaO»=SiUca  48  8,  boron  trioxide  28-5,  lime  23-7  =100. 
m  with  feldspar  in  imbedded  masses  of  yellow  color  in  dolomite,  at  Danbury,  Ct. 


501 


lOIjim.    Cordierite.    Diohroite. 

rthorhombic.    In  stout  prisms  often  hexagonal.     /A  /=  119°  10'  and 
60',  OM-i  =150^  49'.    Cleavage  :  i-i  distinct ;  i-i 
O  indistinct.     Crystals  often  transversely  divided 
oliated  parallel  with  O.     Twins:  twinning-plane 
Also  massive,  compact. 

.= 7-7-5.  G.=2-56-2-67.  Lustre  vitreous.  Color 
>U8  shades  of  blue,  light  or  dark,  smoky-blue  ;  pleo- 
ic,  being  often  deep  blue  along  the  vertical  axis, 
brownish-yellow  oryellowish-gray  perpendicular  to 
Jtreak  uncolored.  Transparent — translucent.  Frac- 
subconchoidal. 

mp. — Q.  ratio  for  bases  and  silicon  4  :  5  or  1  :  1^.  The  state  of  oxidation  of  the  iron  is 
inasoertained,  and  hence  there  is  uncertainty  as  to  the  proportion  between  the  protoxides 
eaquioxides.  The  ratio  usually  deduced  for  B  :  R  :  Si  is  1  :  3  :  5.  The  formula  EjR-^Sift 
which  corresponds  to  this  ratio,  =,  if  B=Mg,Fe  and  Mg  :  Fe=2  :  1,  Silica  49  4, 
ina  33*9,  magnesia  8*8,  iron  protoxide  7*9=100. 

T.,  etc. — B.B.  loses  transparency  and  fuses  at  5-5 '5.  Only  partially  decomposed  by 
.    Decomposed  on  fusion  with  alkaline  carbonates. 

1. — lolite  occurs  in  granite,  gneiss,  hornblendic,  chlorite  and  hydro-mica  schist,  and  allied 
,  with  quartz,  orthoclase  or  albite,  tourmaUne,  hornblende,  andalusite,  and  sometimes 
Also  rarely  in  volcanic  rocks.  Occurs  at  Bodenmais,  Bavaria ;  at  Ujordlersoak  in 
iland ;  at  Krageroe  in  Norway  ;  Tunabeig  in  Sweden ;  Lake  Laach.  At  Haddam,  Conn.; 
Lmfield,  Mass.;  also  at  Richmond,  N.  H. 

L — The  alteration  of  iolito  takes  place  so  readily  by  ordinary  exposure,  that  the  mineral 
at  oommonly  found  in  an  altered  state,  or  enclosed  in  the  altered  iolite.  For  the  dis- 
iahing  characters  of  the  different  kinds  of  altered  iolite,  see  Finite,  Fahlunitb, 
under  Htdboub  Silicate& 


Mica  Group. 

lie  minerals  of  the  Mica  group  are  alike  in  having  (1)  the  prismatic 
e  120° ;  (2)  eminently  perfect  basal  cleavage,  affording  readily  very 
>  tough  laminae ;  (3)  potash  almost  invariably  among  the  protoxide 
8  and  alumina  among  the  sesquioxide ;  (4)  the  crystal Rzat ion  approxi- 
jly  either  hexagonal  or  orthorhombic,  and  therefore  the  optic  axis,  or 
>axial  plane,  at  right  angles  (or  nearly  so)  to  the  cleavage  surface. 

Liom  is  sparingly  present  in  some  mioaa,  and  is  characteristic  of  the  hydrous  species 
tmite  (p.  832).  Lithium,  rubidium,  and  oneium  occur  in  lepidolite,  and  lithium  in  some 
e.  Fluorine  is  often  present,  probably  replacing  oxygen.  Titanium  is  found  sparinglj 
vffoX  kinds,  and  is  a  prominent  ingredient  of  one  species,  astrophyllite.  It  is  usuaUj 
aed  as  in  the  state  of  titanium  dioxide  replacing  silica ;  but  it  is  here  made  basia 

19 
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The  ipecies  of  the  Hloa  ^roap  ^ndiute  inUt  the  hjAroaa  mlou  of  the  Hargvadite  gnap 
<p.  831) ;  &nd  throngh  these  the;  alio  approacli  the  foliated  qraoiea  of  tho  Talo  and  OUoritt 
I^OQiw,  eapecUll;  the  latter. 

PHLOOOFITU. 

Orthorhombic.      7a  /=  120°,   and  habit  hexagonal.      PHbiob   iwulk 

oblong  six-Bided  prisms,  more  or  less  tapering,  witli  irr^irnlar 

BS8  Bides;   rarely,  wneu   smalt,  with   polished   lateral  planes. 

Cleavage  basal,  liighlj  eminent.     Not  knovn  in  cunipict 

madsive  forma, 

H.=2-5-3.  G.=3-78-2-85.  Lnstre  pearly,  often  bqI)- 
tnetallic,  on  cleavage  surface.  Color  yellowish-brown  to 
brownish-red,  with  often  something  of  a  copper-iike  refieo- 
tion;  also  pale  brownish-yellow,  green,  white,  colorlen. 
Transparent  to  translucent  in  thin  folia.  Thin  lamiiue 
tough  and  elastic.  Optical-axial  divergence  3°-30°,  rsrel; 
less  than  S°. 

Oomp. — Th«  bases  inclade  magnesiam  and  little  or  no  lion.  Q.  Htb 
B.  :  Si=l  :  1.  ForniDla  probably  (Ttamm.)  S.H^.AJSitOit-Silica  4D1I, 
alumina  13-93,  ma^esia  33  07,  potash  13'7T=lliO. 

Pyr.,  eto Id  the  oloaed  tabe  gives  a  little  watftr.     Sonte  *wMiN 

give  the  reaction  for  fluorine  in  the  open  tube,  while  most  give  littl*  M 
no  reaction  for  iron  with  the  fluxes.  B.B.  whitens  and  fuaea  on  the  tin 
edges.  Computet;  decomposed  b;  sulphuric  aoid,  leaving  the  vUos  ii 
tbbi  scales. 

Obi. — PMogopite  ta  especiaU;  characten'stio  of  serpentine  and  OTTstalline  limcafans  tt 
dtdomite. 

Occurs  in  limestone  in  the  Tosges.  Includes  probably  the  tnica  fonitd  in  limestone  itAlt- 
Kenmite.  near  Hirschberg  ;  that  of  Baritti,  Brazil,  of  s  golden-yellow  color,  having  the  optnl 
angle  S"  30'  and  purallel  to  the  shorter  dingoaol  (Qnulichj ;  and  a  brown  mica  from  limwliw 
of  Upper  Hungtiiy,  offording  Gcailich  the  angle  4°-5'. 

Occurs  in  New  York,  at  Gonyemeur ;  at  Pope's  Mills,  St.  Lawrence  Co.  ;  at  Edwudt; 
Warwick;  Natural  Bridge;  at  Sterling  Mine,  Morris  Co.,  N.  J.  ;  Newton,  N.  J.;  atSl  J>- 
rome,  Canada;  at  Burgees,  Canada  West. 

Abpidolitb  (v,  Kobell).  —Approaches  in  oomposition  a  soda-phlogopite.  Green.  Fcfishd. 
Zillertial,  Tyrol. 

Mabganophillitk.— Q.  ratio  for  R  :  R  :  Si=3  ;  I  :  4  (nearly).  Foliated  like  the  mia*. 
Color  bronie-red.  Analysis,  IgeUtrora,  SiO,  38-50,  AlO,  11-00,  FeO  378,  MnO  31-40,  OsO 
8-20,  MgO  15-01,  KiO(NaiO)  &-5I,  ign.  1*60  =  100.     Paisberg,  Sweden. 

BIOTITE, 

Hexagonal  (J).    R/\R  =  62°  57' (crystals  fr.  Vesuvius,  Hessenberg);c  = 

4"91112t!.     llabit  often  moiiocHnii:.    Prisms  commonly  tabular.    Oleavi^: 

basal  hip;hly  eminent.     Often  in  dissemimued 

M8  scales,  Bometiines  in  massive  aggregatiwis  of 

clea\'able  scales. 

H.=2-5-3.  a=2-7-3-l.  Lustre  splendent, 
and  more  or  less  pearly  on  a  cleavage  surfsw. 
and  aometimee  siibmetallic  when  black ;  Uter»l 
surfaces  vitreous  when  smooth  and  BbiniiiiT' 
Giilors  usually  green  to  black,  often  deep  blm't 
in  thick  crystals,  and  sometimes  even  in  tlii" 
laminse,  unless  the  laniinEe  are  verj-  thin ;  snch 
thin  lamiiiie  green,  bK«>d  red;  or  brown  by  transmitted  light;  rarely  whit* 
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nncolored.    Transparent  to  opaque.    Optically   uniaxial.    Some- 
iaxial  with  slight  axial  divergence,  from  exceptional  irregularities; 
angle  not  exceeding  5°  and  seldom  1°. 

,  Var. — Biotite  is  a  magpfiesia-iron  mioa,  part  of  the  alnminnm  (Al)  being  replaced 
?e),  and  Fe  and  Mg  exifliing  among  the  protoxide  bases.  Black  is  the  prevailing  color, 
n  to  white  also  oooor.  The  results  of  analyses  vary  much,  and  for  the  reason  already 
ihe  non-determination^  in  most  oases,  of  the  degree  of  oxidation  of  the  iron ;  and 
b  atomic  ratio  for  the  species  and  its  limits  of  variation  are  therefore  not  precisely 
od.  The  Q.  ratio  of  bases  to  silicon  is  generaUy  1:1,  that  is  the  formula  in  general 
irhere  R=Ki(Na8,Li,)Pe,Mg(0a),  or  Al,Fe(3R=ft). 
168 :  1,  Ballyellin ;  2,  Vesuvius ;  8,  Portland,  Conn. : 

^    MOt  FeO«     FeO    CaO  MgO    K,0  NasO   LiaO    ign 

15  17-08   2370     5-50    368    9-45    0-36     4  30=99-61,  Haughton, 

n  17-79     3-00     7  03    OSO  19  04   9-96 =9803,  Ohodnow. 

11  20-03     013    21-85    119MnO    6-23    9-69    0-62     0-93    1  87,  F  0  76,  TiO,  1  46, 

CI  tr.  =99 -27,  Hawes. 

lore  analyses  give  the  ratio  of  unisilioates,  when  the  water  is  neglected ;  in  othem 
of  1  :  1  is  obtained  only  when  the  water  is  brought  into  account. 
Bto. — Same  as  phlogopite,  but  with  the  flaxes  it  g^ves  strong  reactions' for  iron. 
•A  common  constituent  of  many  volcanic  rocks.     Fine  specimens  obtained  at  Vesa- 
Baikal;  Zillerthal;  Pargas  ;  Miask;  Sala.     Also  from  Greenwood  Furnace,  N.  T.; 
N.  T. ;  Easton,  Penn. ;  Topaham,  Me.,  eta 

»iotite  of  Vesuvius,  aocordhig  to  the  optical  examination  of  Hintse,  is  monocUnU, 
)  Teohermak,  Min.  Mitth.,  1876, 187.) 


LBPIDOMEIiANS. 


agonal  (?).   In  small  six-sided  tables,  or  an  aggregate  of  minate  scalea. 
ge :  basal,  eminent,  as  in  other  micas. 

•3.      G.=3-0.      Lustre  adamantine,  inclining  to  vitreous,  pearly, 
black,  with  occasionally  a  leek-green  reflection.     Streak  grayish- 
Opaque,  or  translucent  in  very  thin  laminae.     Somewhat  brittle,  or 
tie  elastic.     Optically  uniaxial ;  or  biaxial  with  a  very  small  axial 


i« — An  iron-potash  mica.  Q.  ratio  for  bases  and  silicon  1:1;  for  R  :  R,  mostly  1  :  8, 
ing  to  1  to  more  than  8 ;  of  doubtful  limits,  on  account  of  the  doubts  as  to  the  state 
xm  in  most  of  the  analyses.  Differs  from  biotite  in  the  smaller  proportion  of  prot- 
nd  little  is\.  and  Mg,  but  appears  to  agree  with  it  in  optical  characters. 
etc — B.B.  at  a  red  heat  becomes  brown  and  fuses  to  a  black  magnetic  globule. 
eoomposed  by  hydrochloric  acid,  depositing  silica  in  scales.  Analysis,  Cooke,  Bock- 
las.,  SiOa  89-91,  AlO,  1673,  FeO,  12  07,  PeO  17-48,  MnO  0-54,  MgO  0*62,  K,0  10*66, 
laO)  0-59,  H,0  1-50,  P  0-45=100. 

-Oocors  at  Persberg  in  Wermland,  Sweden ;  at  Abborforss  in  Finland ;  in  Ireland,  in 
,  and  Leinster  Cos. ;  at  Ballyellin,  eta     Prom  Cape  Ann,  Mass.  (Annite). 
>PHTLLrrB. — Usually  in  tabular  prisms.    Color  bronze-yellow.    Analysis,  Pisani,  SiOa 
HO,  7'66,  AlO,  4  32,  FeO,  4*05,  FeO  25  48,  MnO  10  70,  MgO  1  37,  CaO  122,  NaaO 
,0  6-29,  HaO  2*01=99*03.     Brevig,  Norway ;  El  Paso  County,  Colorado. 


BffUSOOVITB.    Kaligiimmer,  Oerm, 

loclinio  (Tscherraak).  /A/ =120®.  Cleavage:  basal  eminent; 
mally  a3so  separating  in  fibres  parallel  to  a  diagonal.  Twins :  often 
able  bj  internal  markings,  or  by  polarized  light ;  composition  parallel 


292 


DE80BIPTIVB  MINERALOOT. 


to  7  consisting  of  six  individuals  thus  united  ;  sometimes  a  nnion  of  /  tc 
i-i.  Folia  often  aggregated  in  stellate,  plumose,  or  globular  forms;  or  in 
scales,  and  scaly  massive. 


564 


665 


566 


Miask,  UraL 


BlnnentliaL 


H.= 2-2-5.  G.=:2-75-3-l.  Lustre  more  or  less  pearly.  Color  white, 
gray,  brown,  hair-brown,  pale  green,  and  violet,  yellow,  dark  olive-green, 
rarely  rose-red  ;  often  different  for  transmitted  and  reflected  light,  and  dif- 
ferent also  in  vertical  and  transverse  directions.  Streak  uncolored.  Trans- 
parent to  translucent.  Thin  laminae  flexible  and  elastic,  vei*y  tough.  Double 
refraction  strong ;  optic-axial  angle  44°- 78° ;  the  axial  plane  makes  an  an^e 
of  SS"  20'  (Tschermak)  with  the  base. 

Oomp. — The  quantivalent  ratio  for  bases  and  silicon  is  generally  4  :  6  (1  :  li),  suely  3.4, 
etc.  Water  is  generally  present,  sometimes  as  much  as  5  p.  c. ;  and  the  kinds  containiog 
from  3  to  5  p.  c.  water  have  been  referred  to  the  species  margarodiU  (p.  381).    If  tl» 

t 
water  is  regfarded  as  chemically  combined,  that  is,  as  basic,  the  Q.  ratio  for  B  :  ft  :  Si  is  then 

7=1  :  3  :  4  (R  :  Si=l  :  1),  also  1  :  6  :  8,  1  :  2  :  4,  1  :  3  :  5,  etc.  R  here  is  potaasiam  (K) 
mostly,  but  also  hydrogen  (H).  R=aluminum  mostly,  also  iron.  Fluorine  is  often  present, 
but  at  most  not  more  than  about  1  p.  o.  Analysis,  Smith  and  Brush,  Monroe,  CU,  &iO«46'50, 
AlO,  33-91.  FeOs  2G9,  MgO  090  Na,0  2*70,  K^O  732,  H,0  463,  F  082,  CI  0-31=lr9-78. 

Pyr.,  etc. — In  the  closed  tube  g^ves  water,  which  with  brazil-wood  often  reacts  for  fluorine. 
B.B.  whitens  and  fuses  on  the  thin  edges  (F.  =5*7,  v.  Kobell)  to  a  gray  or  yellow  glass.  With 
fluxen  gives  rcactionB  for  iron  and  sometimes  manganese,  rarely  chromium.  Not  decompoaed 
by  acids.     Decomposed  on  fusion  with  alkaline  carbonates. 

Obs. — Muscovite  is  the  most  common  of  the  mioaa  It  is  one  of  the  constituents  of  granite, 
gneiss,  mica  schist,  and  other  related  rocks,  and  is  occasionally  met  with  in  granular  lime- 
Btone,  trachyte,  basalt,  lava;  and  occurs  also  disseminated  sparingly  in  many  fragmental 
rocks.  Coarse  lamellar  aggregations  often  form  the  matrix  of  topaz,  tourmaline,  and  olhet 
mineral  species  in  granitic  veins. 

Siberia  affords  laminae  of  mica  sometimes  exceeding  a  yard  in  diameter  *  and  other  remaik* 
able  foreign  localities  are  Finbo  in  Sweden,  and  Skutterud  in  Norwiqr.  FuchdUotckrmvm 
mica  occurs  at  Greiner  in  the  2iillerthal,  at  Passeyr  in  the  Tyrol)  and  on  the  Dorfner  Alpi » 
well  as  at  Schwarzenstein. 

In  N.  Hamp.^  at  Aoworth,  Grafton,  etc.,  in  granite,  the  plates  at  times  a  yard  acrosi  w 
perfectly  transparent.  In  Maine,  at  Paris ;  at  Buckfield.  In  Mcm.  ,  at  Chesterfield  ;  at  Ooeben. 
In  Gojin,.  in  Portland ;  near  Middletown.  In  N.  York,  near  Warwick;  Edenville;  in  the 
town  of  Edwards.  In  Pe/in.,  at  Pennsbury ;  at  Unionville;  Delaware  Ca,  at  MiddletoWB* 
In  Marylatid^  at  Jones's  Falla     In  western  North  Carolina,  where  it  is  mined* 


IiUPIDOIirm.    Lithia  Mica.     Lithionglimmer,  Osrm, 

Orthorhombic.     /A  7=120°.     Forms  like  tliose  of  imiscovite.    Cleav- 
age :  basal,  highly  eminent.     Also  massive  scaly-granular,  coarse  or  fine. 
H.= 2-5-4.     G. =2:84-3.    Lustre  pearly.    Color  rose-red,  violet-gray,  <H 
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[lowish,  grayish-white,   white.      Transhicent.      Optic-axial  angle 
sometimes  45°-60°. 

f 

Q.  ratio  for  bases  and  silicon  mostly  1  :  li ;  and  for  B :  R  :  Si=l  :  3  :  6,  or  1  :  4 

I  I 

rmnla  in  the  latter  case  is  Re:M4SiisOat.  B  includes  potoBsinm,  also  lithium, 
uid  cflesiom ;  and,  in  the  Zinnwald  mica,  thaUiom  haa  been  detected.  Fluorine  is 
d  the  ratio  to  oxygen  mostly  1  :  12.  Analysis,  Renter,  from  Rozena,  SiOa  50 '48, 
,  MnO,  0-88,  MgO  142,  K^O  lO'SO,  Na,0  146,  Li.O  1*23,  F  4-86=98-94. 
;. — In  the  closed  tube  gives  water  and  reaction  for  fluorine.  B.B.  fuses  with  in- 
I  at  2-2*5  to  a  white  or  grayish  glass,  sometimes  magnetic,  coloring  the  flame 
d  at  the  moment  of  fusion  (lithia).  With  the  fluxes  some  varieties  give  reactions 
i  manganese.  Attacked  but  not  completely  decomposed  by  acids.  After  fusion, 
with  hydrochloric  acid. 

:curs  in  granite  and  g^neiAs.  especially  in  granitic  veins,  and  is  associated  some- 
cassiterite,  red,  green,  or  black  tourmaline,  amblygonite,  etc.  Found  near  Ut5 
;  at  Zinnwald  in  Bohemia :  Penig,  etc.  in  Saxony  ;  in  the  Ural ;  at  Bozena  in 
m  Elba ;  at  St.  MichaePs  Mount  in  ComwalL  In  the  United  States,  at  Paris  and 
e. ;  near  Middletown,  Conn. 

epldolite  from  Ae;r/f ,  scfiU,  after  the  earlier  Grerman  name  ScfiuppensUin,  allading 
r  structure  of  the  massive  variety  of  Bozena. 

fLLiTE  (Cooke) — Q.  ratio  R  :  R  :  Si=3  :  4  :  14,  with  B=Fe,K,,Lia(Na,Bb,08,)t 
.  Orthorhombio.  In  scales  like  the  micas.  Color  by  transmitted  light  emerald- 
p6  Ann,  Mass. 


Scapolite   Chrowp. 

species  of  the  Scapolite  group,  the  quaiitivalent  ratio  varies  from 
1:2:3,  1:3:4,  to  1:2:4  and  1 :  2 :  6^,  but  the  species  are 
like  in  the  square-prismatic  forms  of  their  crystals,  in  the  small 
md  the  kinds  of  occurring  planes,  and  in  their  angles.  The  species 
e,  or  grayish-white,  in  color,  except  when  impure,  and  then  rarely 
lolor;  the  hardness  5-6*5.  G.  =  2-5-2*8.  The  alkali-metal  pi-esent, 
jr,  is  sodium,  with  only  traces  of  potassium.  An  increase  in  the 
)f  alkali  is  accompanied  by  an  increase  in  the  silica. 


MXilONITB. 

onal :   6>  A  1-i  =  156°  18' ;  c  =  0-439.     Sometimes  hemihedral  in 
iS  3-3,  the  alternate  being  wanting.     Cleavage :  i-i  ^^n, 

ther  perfect,  but  often  interrupted.  ^yil^ 

5-6.     G.= 2-6-2-74.      Lustre  vitreous.      Colorless     r^Ui 
Transparent  to  translucent ;  often  much  cracked 


•Q.  ratio  f or  B  :  R  :  Si=l  ;  2  :  8  ;  formula  B«ft4Si.0,«.   If  B= 

10  :  1,  and  B=::V1 :  this  is  equivalent  to  Silica  41*0,  alumina 

24*1,  soda  2'6=106.     Neminar  has  found  that  meionite  loses 

or  at  a  yery  high  temperature,  so  that  B  must  be  also  replaced 

I  analysis  gives  approximately  the  ratio  1  :  2  :  3. 

». — B.B.  fuses  with  intumescence  at  3  to  p<  white  blebby  glass. 

id  by  acid  without  gelatinizing  (v.  Bath). 

ocors  in  smaU  crystals  in  geodes,  usually  in  limestone  blocks,  on  Monte  Somma, 
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Tetragonal : 


fS?^ 


WBBmiBmL  SokpoUta. 
O  A  1-t  =  156°  14i' ;  c  =  0  4398.  Often  liemibedn/  in 
planes  3-3  and  «-2  (p.  30).  Cleavage;  *-»  aud  /nUur 
distinct,  but  interrupted.  Also  maaaive,  gmnnlar,  cr 
with  a  faint  tibrona  appearance ;  Bouietiuiee  colainnu'. 
ll.=5-6.  G.=2-63-2'8,  Lustre  Titroona  to  peiriy 
externally,  inclining  to  resinous;  cleavage  and  cron- 
fractui-e  surface  vitreous.  Color  white,  giny,  blmib, 
greenish,  and  reddish,  usually  light.  Streak  aiictdoraiL 
Transpai-eut — faintly  sub  translucent.  Fracture  tub- 
conchuidal.     Brittle. 

Oomp.— Q.  latio  for  R  :  R :  Sl=l  :  8 ;  4  (E-l-B  :  81=1 : 1]; 
formula  RRSi,0,=Ca(Na,)AISi,0,.  Aiuil;aiB.  t.  B«th,  PvgM,  SiO.  45'48,  AIO.SD'St.CiO 
1723,  Na,0  2-29,  K,0  1-31,  H,0  laa^SaM.     Some  Tariedos  vwy  widel/fcom  the  ibm 

t>7r.,eta,— B,B.  fuses  eastlj  with  intamesoenoe  to  &  white  blabb7  glaM.  Impsif esU;  d*- 
oomposed  b?  hydroohlorio  acid. 

Diff. — Becogaized  by  its  sqiuue  form ;  leaembles  feldapor  when  mutiTe,  bat  hM  a  ehaiM- 
leriatic  Gbrous  appearance  on  the  olcaTa^  Bnrfaca ;  it  in  al«o  more  fOaible,  and  hu  a  blfte 
■pncific  gravitj. 

ObL^Occura  in  metamorphio  rooks ;  sometimps  In  beds  of  ma^etite  aooompanjing  lin*- 
ntioQe.  Some  looalities  ore:  Arendal.  N'orway;  Wennlaiid  ;  Paigaa,  Finland;  L.  Baikal,  eta. 
In  tbe  following  those  of  the  wemerite  and  ekebargite  are  not  ;eC  distinguiahed.  In  Jfaa, 
at  Bolton;  Weatfleld.  In  Gonn.,  at  Monroe.  In  N.  York,  in  Warwick;  in  Orange  Md 
Enaex  Co.,  sto.  In  S.  Jtriey,  at  Franklin  and  Mewlon.  In  Canada,  at  O.  CaluinetU.; 
at  Hunterstown ;  OtenTilla. 

The  foUowing  are  other  membera  of  the  scapalite  group  ; 

Sarcolitb.~Q.  ratio  for  R :  B  :  ai=l  :  1  :  a.  In  minute  fleah-ied  oiTitala  at  Ml 
Somma. 

PAKANTniTB.— Q.  ratiosl  :  8  :  4.  Bkebeboitk.  Q.  ratio  =  l  i  3  :4i,  ooatainingO^ph 
o.  soda.  UIZZONITB.  g.  ratio=l  :  2  :Qi,coDtaininglOpL  0.  aoda.  In  dyatala  at  Ht  Sobd>, 
DiPTBE.  Q.  ratio=l  :  2  :  6,  and  tor  Oa  :  Nai=l  :  1.  Habialitk.  aLratia=l  :3  :e,>ai 
Ik  Ca  !  Na,=l  :  2. 


Nephdite   Group. 
NEIPHBIJTE.    Nepheline. 

Hexagonal.     Ok\  =  135°  55' ;  ^  =  0-839.     Usual  forms  six-sided  uiJ 
g^  twelve-sided  prisms  with  plane  or  modified  Bom- 

mits.  Fig.  569,  summit  planes  of  a  crystal.  Cleav- 
age: /distinct,  C?  imperfect.  Also  massive, com- 
pact; also  thin  columnar. 

II.=55-6.      G.=2.5-2-65.     Lustre   vitreooft- 

[roasy ;  a  little  opalescent  in  some  varieties.  Color- 
usa,  white,  or  yellowish ;  also  wJien  massive,  datk- 
reen,  ^eenisii  or  bhiish-gray,  bmwniHli  and  brick- 
lid.  Transparent — opaque.  Fracture  subooo- 
hoidal.     Double  refraction  feeble ;  axis  negative. 


Vesuvi —  o—;~.  — "■  -■~"™ 

region  of   Vesurian. 
In  large  ooaise  o^tola, 


Var. — 1.  Olatty,  or  Sommitt.  Usuallj  in  email  uljrtlli  * 
giains.  with  vitreoos  lustre,  flrat  found  on  Mt.  Somma,  iafti 
recion  of   Vesurian.      Davuna  and  eaooUnUa    belons   bN& 


Bbre,  nrsb  luunu  oa  jul,  ooauius  w 
lun.  Davyna  and  eaaeHnitt  belong  bN& 
with  a  greaa;  lortn. 
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omik — Somewhat  nnceitain,  as  all  analyses  give  a  little  excess  of  silica  beyond  what  is 
lixed  for  a  nnisUicate.     Assuming  that  nephelite  is  a  true  unisilicate,  the  Q.  ratio  for 

B  :  Si=l  :  3  :  4,  and  the  formula  is  (Na,E)sAlSiaO«  (Bamm.);  some  of  the  Nat  beitig 
Med  by  Ca.  Analysis,  Scheerer,  Vesuvius,  SiO,  4403,  AlO.  33*28,  FeO.  (MnO.)  0*65, 
»  1-77,  NatO  15*44,  K3O  4*04,  H,0  0*21=100*32.  The  variety  EUboUU  has  the  same 
poflltibn. 

£.y  etc. — B.  B.  fuses  quietly  at  3  5  to  a  colorless  glass.     Gelatinizes  with  acids. 
— Distinguished  by  its  gelatinizing  with  acids  from  scapolite  and  feldspar,  as  also  from 
bite,  ftom  which  it  differs  too  in  its  greater  hardness.    Massive  varieties  have  a  character- 
i  gxeasy  lustre. 

Imi.^ — Nephelite  oocutb  both  in  ancient  and  modem  volcanic  rooks,  and  also  metamorphio 
a  ailifid  to  e^anite  and  gneiss,  the  former  mostly  in  glassy  crystals  or  grains  (sommiU)^  the 
Br  massive  or  in  stout  crystals  {dcBoUte).  Nephelite  occurs  in  crystals  in  the  older  lavas  of 
una ;  at  Capo  di  Bove,  near  Rome ;  in  doleryte  of  Katzenbuckel,  near  Heidelberg,  etc. 
elite  is  found  in  Norway ;  in  the  Ilmen  Mts. ;  Urals ;  at  Litchfield,  Me. ;  in  thA^S^nsk 
.,  Arkansaa  LM^fraJhC^T*^ 

amed  nepTidhie  by  Haiiy  (1801 ),  from  va^yj^  a  cloudy  in  allusion  to  its  becoming  cloudy  when 
lereed  in  strong  acid ;  elaoUte  (by  Klaproth),  from  i/uiim'^  ail,  in  allusion  to  its  greasy  lustre. 
IBtSBCKiTE  is  shown  by  Blum  to  be  a  pseudomorph  after  this  species  (see  p.  330). 

ANCBINITE. — Hexagonal,  and  in  six-  and  twelve-sided  prisms,  sometimes  with  basal  edges 
aoed;  also  thin  columnar  and  massive.  H.=5-6.  G.  =2*42-2*5.  Color  white,  gray, 
ow,  green,  blue,  reddish ;  streak  uncolored.  Lustre  subvitreous,  or  a  little  pearly  or 
my.     Transparent  to  translucent. 

OMP. — Same  as  for  nephelite,  with  some  BCOs  and  water.  Analysis,  Whitney,  Litohfield, 
.  SiOa  37-42,  AlO,  27*70,  CaO  3*91,  Na,0  20  98,  K,0  0*67,  CO,  5*95.  H.O  2  82,  FeO, 
Ot)  0-86 =100 -31. 

TB.,  STC. — In  the  closed  tube  g^ives  water.  B.B.  loses  color,  and  fuses  (F.=2)  with  intu- 
oenoe  to  a  white  blebby  glass,  the  very  easy  fusibility  distinguishing  it  readily  from 
delite.  Effervesces  with  hydrochloric  acid,  and  forms  a  jelly  on  heating,  but  not  before. 
BS. — Found  at  Miask  in  the  Urals ;  at  Barkevig,  Norway ;  at  Ditro  in  Transylvania 
'^tfjfte)  ;  at  Litchfield,  Me. 


SODAIJTB. 

Bometric.  In  dodecahedrons.  Cleavage :  dodecahedral,  more  or  less 
dnct.     Twins :  see  f.  272,  p.  93.     Also  massive. 

L=5'5-6.  G.=2'136-2'401.  Lustre  vitreous,  sometimes  inclining  to 
asy.  Color  gray,  greenish,  yellowish,  white  ;  sometimes  blue,  lavender- 
e,  light  red.  bubtransparentT-translucent.  Streak  uncolored.  Frac- 
B  conchoidal — uneven. 

oii»p^Na,AlSiv,0.+2NaCl=Silica37  1,  alumina31-71,  soda  25 -56,  chlorine?  31  =  101*65. 

18  varieUes  contain  considerably  less  chlorine. 

^.,  etc. — In  the  closed  tube  the  blue  varieties  become  white  and  opaque.     B.B.  fusetf 

I  intumescence,  at  3*5-4,  to  a  colorless  glass.     Decomposed  by  hy4rochloric  acid,  with 

kzation  of  gelatinous  silica. 

be. — Oocors  in  mica  slate,  granite,  syenite,  trap,  basalt,  and  volcanic  rocks,  and  is  often 

Qiated  with  nephelite  (or  elaeolite)  and  eudialyte.     Found  in  West  Greenland  ;  on  Monte 

una;  in  Sicily;  at  Miask,  in  the  Ural;  near  Bre\lg,  Norway.    A  blue  variety  occure 

itohfield.  Me.,  and  at  Salem,  Mass. 

JCB080MMITS. — Oocurs  in  very  minute  hexagonal  crystals  in  masses  of  leucitio  lava 

ted  from  Mt.  Somma.     Composition  :  a  unisilicate  of  potassium,  calcium,  and  aluminum, 

i  small  quantities  of  sodium  chloride  and  calcium  sulphate. 
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haUxmitju. 

Isometric.  In  dodecahedrons,  octahedrons,  etc.  Cleavage:  dodecahe- 
dral  distinct.  Commonly  in  rounded  grains  often  looking  like  crjstala 
with  a  fused  surface. 

H.= 6-5-6.  G.=2-4:-2'5.  Lustre  vitreous,  to  somewhat  greasy.  Coloi 
bright  blue,  sky-blue,  greenish-blue ;  asparagus-green.  Streak  slighth 
bluish  to  colorless.  Subtransparent  to  translucent.  Fracture  flat  conchoi* 
dal  to  uneven. 

Oomp,— 2Na,(Ca)A:lSia08+CaS04;  if  in  the  siiicate  Na,  is  replaced  by  Ca,  the  ttomis 
zatio  here  being  5:1,  this  gives  SiHca  34  13,  alumina  29  18,  lime  10*62,  soda  14*69,  sulphai 
trioxide— 100.    A  little  potassium  is  also  often  present. 

Pvr.,  etc.— In  the  closed  tube  retains  its  color.  B.  B.  in  the  forceps  fuses  at  4*5  to  a  white 
glass.  Fused  with  soda  on  charcoal  affords  a  sulphide,  which  blackens  silyer.  Decompoaed 
by  hydrochloric  acid  with  separation  of  gelatinous  silica. 

Obi. — Occurs  in  the  Yesuvian  lavas,  on  Somma;  in  the  lavas  of  the  Campagna,  Rome;  in 
basalt  at  Niedermendig  and  Mayen,  L.  Laach,  etc. 

NosiTE  (Nosean).— A  «&</a-haUynite ;  2Na,AlSi308  +  Na,S04,  with  also  a  little  caldiim. 
Isometric ;  often  granular  massive.  Common  as  a  microscopic  ingredient  of  meet  phonoljtoi 
liske  Laach,  etc. 

LAPiH-LAZUiii  (Lasurstein,  Oerm,). — Not  a  homogeneous  mineral  according  to  Fischer  and 
Vogelsang.  The  latter  calls  it  *'  a  mixture  of  granular  calcite,  ekebergite,  and  an  laometiio, 
ultramarine  mineral,  generally  blue  or  violet. ''    Much  used  as  an  ornamental  stone. 


LBI70ITE. 

Tetragonal,  according   to   v.  Rath,     c  =  0*52637.     Usual   form   as  in 

f.  570,  closely  resembling  a  trapezohedron.  Twius: 
t winning-plane  2-i ;  cijstals  ofteu  very  complex,  con- 
sisting of  twinned  lamellae,  as  indicated  by  the  striji- 
tions  on  the  planes.  Often  disseminated  in  grainfl; 
rarely  massive  granular. 

H.=5-5-6.  G.  =  2-44-2-56.  Lustre  vitreous.  Color 
wOiite,  ash-gray  or  smoke-gmy.  Streak  uncoloml. 
Translucent — opaque.  Fracture  conchuidal.  Britde. 
Optically  uniaxial ;  double  refraction  weak;  negati>o 
(from  Aquacetosa),  positive  (fiom  Fiascati). 

Comp Formula  K7AlSiiO,5=SUica  65*0,  alumina  23-6,  potnh 

21-5=100.       Q.  ratio  f or  K  :  :M  :  Si=l  :  3  ;  8,  for  ^ases  to  silicon  1  :  2. 

P3rr.,  etc. — B.B.  infusible ;  with  cobalt  Rolution  gives  a  blue  color  (alumina).     Deoompoied 
by  hydrochloric  acid  without  gelatinization. 

Diff. — Distinguished  from  analcite  by  its  infusibility  and  greater  hardness. 
Obs. — Leucite  is  confined  to  volcanic  rocks,  and  is  common  in  those  of  certain  paits  of 
Europe  ;  also  found  in  those  of  the  western  United  States.  At  Vesuvius  and  some  oUwf 
parts  of  Italy  it  is  tl  ickly  disseminated  through  the  lava  in  grains.  It  is  a  constituent  in  th« 
nephelin-doleryte  of  Merches  in  the  Vogelsberg  ;  abundant  in  tracbyte  between  Lake  Ltftch 
mnd  Andemacb,  on  the  Rhine. 

The  question  as  to  whether  the  crystals  of  leucite  belong  to  the  isometric  or  the  tetragozud 
ijttem  has  excited  much  discussion.     Hirschwald  (Tsch.  Min   Mitth.,  1875,  227)  shows  thit 
IvUle  implanted  crystals  arc  sometimes  distinctly  tetragonal,  others,  especially  thoM  whieb 
ibedded,  are  as  clearly  iwmetriCy  while  between  the  two  there  exist  many  transiUM 
claims  that  the  mineral  is  in  fact  isometric^  but  having  a  ix>lysym metric  de?^P 
existing  a  wide  variation  from  the  isometric  type.     The  qaeation  oannot  be  oqb 
ily  decided. 
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Feldspar  Ghrowp. 

The  feldspars  are  characterized  by  specific  gravity  below  2*85  ;  hardness 
6  to  7 ;  fusibility  3  to  5  ;  oblique  or  eliuohedral  crystallization  ;  prismatic 
allele  near  120°  ;  two  easy  cjleavagca,  one  basal,  the  other  brachydiagoiial, 
iuclined  together  either  90*^,  or  very  near  90° ;  cleavage  a  prominent  fea- 
ture of  many  massive  kinds,  and  distinct  in  the  grains  ot  granular  varieties, 
giving  them  angular  forms ;  close  isomorphism,  and  a  general  resemblance 
in  the  systems  of  occurring  crvstalline  forms ;  transition  from  granular 
varieties  to  compact,  hornstone-like  kinds,  called  felsites,  which  sometimes 
occur  as  rocks ;  often  opalescent,  or  having  a  play  of  colors  as  seen  in  a 
direction  a  little  oblique  to  i-v ;  often  aventurine,  from  the  dissemination 
of  microscopic  crystals  of  foreign  substances  parallel  for  the  most  part  to 
the  planes  O  and  /. 

The  bases  in  the  protoxide  state  are  calcium,  sodium,  potassium,  and  in 
one  species  barium;  the  sesquioxide  base  is  only  aluminum;  the  quantivalent 
ratio  of  R  :  R  is  constant,  1:3;  while  that  of  the  silicon  and  bases  varies 
from  1  :  1  to  3  :  1,  the  amount  of  silicon  increasing  with  the  increase  of  tlio 
alkali  metals,  and  becoming  greatest  when  alkalies  are  the  only  protoxides. 

The  included  species  are  as  follows : 

Crystallization.    Approx.  Q.  ratio  B,B,Si. 


ANOBTHrrs 

Lime  feldspar 

Triclinic 

1:8:4 

Labradobitb 

Lime-soda  feldspar 

4« 

X:3:6 

Hyalopuanb 

Baryta-potash  feldspar 

Monocliiiio 

1:8:8 

ANDBsrrB 

Soda-lime  feldspar 

Triolinio 

1:8:8 

Oliooclasb 

ii      »i        ti 

»k 

1:8:9 

Albite 

Soda  feldspar 

tt 

1 :  8  :  12 

Obthoclabb 

Potash  feldspar 

Monoclii)io 

1 :  8  :  12 

To  the  above  Ust  should  be  added,  according  to  DesGloizeaux,  the  trkUjuc^  potash  feldspar, 
MIOBOCLINB,  which  has  the  oompoeition  of  orthodase. 

The  above  ratios  are  only  approximate,  for  the  analyses  show  a  wide  variation  in  the 
flunonnt  of  silicon,  and  an  exactly  proportionate  variation  in  the  amount  of  alkali ;  the  two 
elements  vary  in  most  cases,  as  has  been  long  recognized,  according  to  a  simple  law.  There 
meema  hence  to  be  a  gradual  transition  between  the  successive  species  ;  but  this  is  duo,  in  part, 
to  mixtures  produced  by  contemporaneous  crysLallization  (compare  pert/iite^  p.  000,  and  the 
^eooription  of  mierodine,  p.  000). 

The  unisilicate  ratio  of  1  :  1  for  bases  and  silicon  is  found  in  anorthite  only,  as  shown  above. 
With  Ca  alone,  as  in  this  species,  the  Q.  ratio  for  i^l  and  Si  is  8  :  4 ;  with  Na^  alone,  8:12; 
and  for  kinds  containing  combinations  of  the  two,  exact  combinations  of  these  ratios,  mNa^  : 

^       •  •      i.v       4.-    Q    4m-Hl2i» 
fiGa,  giving  the  ratio  3  : • 

An  explanation  of  the  above  fact,  and  of  the  variation  in  ratio  shown  by  analyses,  was  offered 
>>7  Hont,  and  has  since  been  developed  by  Tschermak.  The  existence  of  two  distinct  tridinio 
feldspars  is  assumed:  anorthite  CaArlSiaOs,  and  albite  Na^i^lSiaOiay  and  the  other  species 
(aometimes  embraced  under  the  general  term  flaoioclask)  are  regarded  as  due  to  i»*mor' 
fthaus  mixtures  of  these  two  members  in  different  proportions.     They  have  then  the  general 

formula  ]  ^^^*  ^^Si*0*  !'    For labradorite  the  ratio  of  m  :  »  is  mostly  3  :  2,  also  8  :  1,  etc.; 

for  andesite  the  ratio  of  m  \n  varies  about  1  :  2,  andfor  oligodose  the  ratio  of  m  :  n  is  8  :  10, 
Also  1  :  8,  etc  In  accordance  with  the  above  formula,  if  Ca  :  Na=6  :  1,  then  Al  :  Si=. 
1  :  8-803:  for  Ca  :  Na=3  :  1,  Al  :  Si=l  :  1257;  for  Ca  :  Na=l  :  1,  Al  :  Si=l  :  888  ;  for 
Otk :  Na=l  :  8,  Al  :  Si=l  :  44 ;  for  Ca  :  Na=il  :  6,  Al  :  Si=l  :  5. 

This  method  of  viewing  the  feldspar  species  has  the  advantage  of  explaining  the  wide  varia- 
tion in  their  composition,  and  is  generally  accepted  among  German  mineralogists.  DesCloi- 
toanx  rogords  his  observations  u]:)on  the  optical  characters  of  the  feldspars  (see  p.  21)8)  as 
■bowing  that  thoy  are  in  fact  distinct  species,  and  not  indeterminate  isomorphous  mixtiu'es. 
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OpUeal properties  of  the  trieHinic  feldspars.— The  following  table  oontainB  the  muxe  impofi* 
ant  optical  properties  of  the  feldspar  species  as  determined  by  DesOloixeaax  (G.  R.,  FeK  & 
1875,  and  April  17,  1876).    Bx=Biseotriz. 


Acute  biseotriz. 


Angle  made  by  the+Bx. 

with  a  normal  to  i-i  (g) 

Same,  with  normal  to 

0{p) 

Angle  made  by  the  line 

in  which  the  plane  of 

the  optic-axes  cutst-i, 

with  edge  i-i/Oig'/pi 
Same,  with  edge  i-i  I 

(g'm) 

Ordinary  dispersion. . . . 
Parallel  or  perpendicular 

to  plane  of  pohudza 

tion. 


Akobtbitx. 

always  — 
Position  of 
the  Bx.  has 
no  simple 
relation  to 
the  planes 
observed 
on  the  ciys 
tola. 


Optic-axial  angle  (in 

for  red  rayat . . . 

for  blue  rays. . 


air) 


p  <  trf-Bx.) 
IncUned, 


84^68' 

85^69' 

(Somma) 


Labbadobitx. 
always  + 

30°  40' 
60' 


270.230 

87''25'-86  25 
p  >  «(4-Bx.) 
Crossed;  also 
slight  in- 
clined. 


88M5' 

87^48' 

(Labrador) 


OUOOCLABB. 

generally    — 
sometimes  H- 

18«  10' 

68° 

Line  parallel 
to  the  edge 
0|t-i 


(k 


(( 


p  <  t>(H-Bx.) 

Grossed;  also 

slight  in* 

dined 


89^35' 

88' 81' 

(Sunstone, 

Tvedestrand) 


always  + 


16*^ 
78*^35' 


SO" 

96''  28'  (front) 
p  <  t(-+-Bx.) 

Inclined; 
probably  also 

slight  hori- 
wntdL 

80*89' 

81*  69' 

(Boo  toum^) 


alwiyi* 


W2a' 


S'r 


p  <  »(+Bi) 

BmtonUi 

(-Bx.)  alio 

indiMi 

(+Bi.) 

87»64' 

Amaxonii^ 
Munanak. 


The  axial  divergence  is  quite  constant  for  albite,  labradorite,  and  anorthite,  but  vmiieifor 
oligoclase  even  in  different  sections  taken  from  the  same  specimen.  Andeaine  (q.  ?.)  ii 
regarded  by  DesGloizeaux  as  an  altered  oligoclase. 

DesCloizeaux  gives  the  following  method  of  distinguishing  between  the  fdd8par$  by  optiol 
means :  It  is  necessary  to  obtain  a  transparent  plate  parallel  to  the  easiest  cleavage  (0)* 
Such  sections  obtained  from  crystfUs  or  lamellar  masses  of  albite,  oligoclase,  labradorite,  tad 
the  majority  of  those  of  microcline,  show  hemitropic  bauds,  more  or  less  close  together, 
arranged  along  the  plane  parallel  to  the  second  cleavage  (i-i) ;  for  orthoclase  and  microliM 
in  simple  ergstals,  two  sections  placed  in  opposite  positions  serve  to  produce  the  same  e&ci 
These  sections  are  thus  brought  between  the  crossed  Nicols  of  a  polarisation-microsoopa 

(1)  For  ortliaclase  the  maximum  extinction  takes  place  when  the  two  sections  an)  puiUel 
to  their  plane  of  contact ;  the  edge  0/i-i  being  in  the  plane  of  polarization  of  the  miflio* 
scope. 

(2)  For  microdine^  the  whole  structure  consists  of  a  multitude  of  very  fine  parallel  bandi; 
the  section  may  show  microcline  alone,  either  hemitropic  or  not  hemitropic,  or  microdine  tad 
orthoclase  ;  the  extinction  can  take  place  at  30'  64'  between  the  adjoining  bands  of  the  muds 
plate  of  the  made  (microcline  alone),  at  30^  64'  between  the  two  plates  of  the  made  (micro- 
cline in  bands),  or  at  16''  27'  between  the  adjoining  bands  (microcline  and  orthoclase).  IntiM 
last  case  the  whole  of  two  lamellae  of  the  made  show  at  the  same  time  an  extinction  obliqM 
to  the  plane  of  composition,  belonging  to  the  microcline,  and  one  parallel  to  this  plane  for  the 
orthoclase. 

(3)  For  albitet  the  extinction  between  two  bands  takes  place  at  an  angle  of  0^  32'. 

(4)  For  oUgodase^  the  extinction  is  simultaneous  in  the  two  bands,  and  when  the  plaM  <tf 
composition  coincides  with  the  plane  of  polarization  of  the  polariscope,  it  shows  thst  tht 
structure  is  homogeneous. 

(6)  For  labrado/ite,  the  extinction  takes  place  at  10^  24'  between  the  alternate  lines  of  the 
hemitropic  lamellae. 

It  follows  from  this  thaft  a  plane  normal  to  the  plane  of  the  axes  cuts  the  base  along  a  liM 
making  with  the  edge  0/i-i  the  following  angles : 

0**  in  orthoclase, 
16**  27'  in  microcline, 
3«  Uy  in  albite, 
6"*  12'  in  labradorite. 

A  variation  of  one  or  two  degrees  from  the  above  mean  angles  was  obaerred  is  tooM 
ipeoimens. 
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— The  feldspars  are  distrnguished  from  other  species  by  the  oharaoters  already  seated, 

ent  among  which  are  :  cleavage  in  two  directions,  nearly  or  quite  at  right  angles  to 

her ;  also  hardness,  etc. 

triclinic  feldspars  can  in  most  cases  be  distinguished  from  orthoclase  by  the  fine  stria- 

e  to  repeated  twinning.     This  striation  can  often  be  seen  by  the  unaided  eye  upon  the 

:e  face  (0).  And  its  enstence  can  always  be  surely  tested  by  the  examination  of  a  thin 

in  polarized  light,  the  alternate  bands  of  color  showing  the  same  fact. 

separation  of  the  different  tridiuic  species  can  be  surely  mode  by  complete  analysis 

r  at  least  by  the  determination  of  the  amount  of  alkali  present     The  degree  of  fusi- 

bhe  color  of  the  flame,  and  the  effect  produced  by  digestion  in  acids,  are  often  import- 

a     In  the  hands  of  a  skilled  observer  the  optical  examination  may  give  decisive  results. 


31',  O  A  irl. 
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ANORTHITXI.    Indianite. 

clinic.     h\l\&  =  0-86663  :  1-5754S  :  1.     /A 7'  =  120** 
2-*)=94°  10',  OKI  ^  114*^  6i',  OhI=  110° 
>  A  2-i  =  98°  46' ;  a  =  93°  13 J',  ^  =  115°  55^', 
1°  11^'    Cleavage :  O,  i-i  perfect,  the  latter 
JO,    Twins  similar  to  those  oi  albite.    Also  mas- 

Stmcture  granular,  or  coarse  lamellar. 
=6-7.         G.=2-66-2-78.     Lustre   of  cleavage 
3  inclining  to  pearly ;  of  other  faces  vitreous. 

white,  grayish,  reddish.  Streak  uncolored. 
parent  —  translucent.  Fiticture  conchoidal. 
e. 


— AnoTthite  was  described  from  the  glas^  crystals  of  Som- 

luUanite  is  a  white,  grayish,  or  reddish  granular  anorthite  from  India,  first  described 
I  by  Count  Boumon. 

ipr— Q.  ratio  ioiRiM:  Si=l  :  3  :  4.     Formula  GaAlSia08= Silica  43*1,  alumina  80*8, 
)' 1=100.    The  alkalies  are  sometimes  present  in  very  small  amounts. 
,  etc. — B.B.  fuses  at  5  to  a  colorless  glass.     Decomposed  by  hydrochloric  acid,  with 
don  of  gelatinous  silica. 

— Occurs  in  some  granites;  occasionally  in  connection  with  gabbro  and  serpentine 
in  some  coses  along  with  corundum ;  in  many  volcanic  rocks.     Found  in  the  old  lavas 
xavines  of  Monte  Somma;  Pesmeda-Alp,  T^rrol ;  in  the  Faroe  islands;  in  Iceland; 
ogoslovsk  in  the  Ural,  etc. 
>WNITE  has  been  shown  by  Zirkel  to  be  a  mixture.    Bytown,  Canada. 


cHnic.    iAj=121°  37',  (9Aa  =  93°20',  (9a /=  110°  50',  Oa^ 

3**  34' ;  Marienac.  Twins :  similar  to  those  of  albite.  Cleava^ :  O 
iri  less  so ;  /^traces.    Good  crystals  rare ;  generallv  massive  granular, 

ti  grains  cleavable;  sometimes  crjptocryotalline  or  nomstone-like. 

=6.      G.=2'67-2'76.     Lustre  of    O  pearly,  passing  into  vitreous; 

here  vitreous  or  subresiuous.  Color  gray,  brown,  or  greenish,  some- 
colorless  and  glassy;   rarely  porcelain-white;   usually  a  change  of 

\  in  cleavable  varieties.     Streak  uncolored.     Translucent — subtrana- 

t. 


^,  Var. — Q.  ratio  for  B  :  M  :  8i=l  :  3  :  6,   but  varying  somewhat  (see  p.   807). 
la  BMSisOi*;  here  B=Ga  and  Na*.     The  atomic  ratio  for  Ka  :  Ga=:2  :  3  generally, 
rresponds  to  SUica  52*9,  alumina  30*3,  lime  12*3,  soda  4*5=100. 
1.  CieaoaNs^    (a)  Well  crystalli&ed  to  {b)  massive.    Play  of  oolcis  either  wanting,  ai 
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in  0ome  colorless  crystals  *  or  pale ;  or  deep ;  bine  and  green  are  the  predominant  ooloa ;  M 
yellow,  dre-red,  and  pean-gray  also  occur.  By  catting  very  thin  slices,  paimUel  to  t-i,  from 
the  original  labradorite,  they  are  seen  under  the  microscope  to  contain,  becides  stris,  gxest 
numbers  of  minute  scales,  like  the  aventurine  oligoolase,  which  are  probaUj  gothtte  or  hema- 
tite. These  scales  produce  an  aventurine  effect  which  is  quite  independent  of  the  play  of 
colors  which  arises  from  the  interference  of  the  rays  of  light  reflected  by  innumerable  into- 
nal  lamellsB  (Bewieh).  The  various  forms  of  minerals  {tmcroplakiteSj  miorophpOiie»,  eta)  en- 
dosed  in  the  labradorite,  and  their  relation  to  it  in  position,  have  been  thoron^hly  investigated 
by  Schrauf  (Ber.  Ak.,  Wien,  Dea,  1869). 

Pyr^  etc. — B.  B.  fuses  at  8  to  a  colorless  glass.  Decomposed  with  difficulty  by  hydrochkoo 
aoid  generally  leaving  a  portion  of  undecomposed  mineral. 

Obs.— Labradorite  is  a  constituent  of  some  rocks,  both  metamorphic  and  igneous;  &^., 
diabase,  doleryte,  basalt,  etc.  The  labradoritlc  metamorphic  rocks  are  most  common  amoy 
the  formations  of  the  Archsean  or  pre-Silurian  era.  Such  are  part  of  those  of  British  Ameiica, 
northern  New  York,  Pennsylvania,  Arkansas ;  those  of  Greenland,  Norway,  Finland,  Sweden, 
and  probably  of  the  Vosges.  Being  a  feldspar  containing  comparatively  little  silica,  it  cocoa 
mainly  in  rocks  which  include  little  or  no  quartz  (free  sUica). 

Kiew  has  furnished  fine  specimens ;  also  Labrador.  It  is  met  with  in  many  plaoei  in 
Canada  East.  Occurs  at  Essex  Co.,  N.  Y.  |  also  in  St.  Lawrence,  Warren,  Sooharie,  and 
Green  Cos.  In  Pennsylvania,  at  Mineral  Hill,  Chester  Co. ;  in  the  Witchita  Mta.,  Arkftni, 
etc. 

Labradorite  was  first  brought  from  the  Isle  of  Paul,  on  the  coast  of  Labrador,  by  Mr.  Wolfe, 
a  Moravian  missionary,  about  the  year  1770,  and  was  called  by  the  early  mineralogists  Labnr 
dor  stoue  {Ldlyradorstein)^  and  also  chatoyant,  opaline,  or  Labrador  feldspar.  Labiadoiite 
receives  a  fine  poUsh,  and  owing  to  the  chatoyant  reflectionB,  the  specimens  axe  often  hjgb^ 
beautiful.     It  is  sometimes  used  in  jewelry. 

Maselelynitb. — Occurs  in  transparent,  isometric,  grains  in  the  meteorite  of  Sheigotty. 
Same  composition  as  labradorite. 


ANDESITE.    Andesine. 

Triclinic.  Approximate  angles  from  Esterel  crystals  (DesCL):  0^i^y 
left,  87^-88% O A /=  111^-112°,  OnI=,  115°,  Ihi-l  =  119^-120% Ih\\ 
=120°,  C>A2.t  =  101°-102°.  Twins:  resembling  those  of  albite.  Sel- 
dom in  crystals.  Cleavage  more  uneven  than  in  albite.  Also  gnuiultf 
massive. 

IL=5-6.  G.=2-61-2*74.  Color  white,  gray,  greenish,  yellowish,  flesh- 
red.     Lustre  subvitreous,  inclining  to  pearly. 

Oomp. — Q.  ratio  1:3:8,  but  varying  to  1  :  3  :  7.  General  formula  BiAJSitda ;  B=NSf  and 
Ca  in  the  ratio  1  :  1  to  3  :  1 ;  if  the  ratio  is  1  :  1,  the  formula  corresponds  to  Silica  59*8,  ab- 
mina  25*5,  lime  7-0,  soda  7*7=100. 

P3rr.,  etc. — Andesite  fuses  in  thin  splinters  before  the  blowpipe.  Saocharite  melts  onlj^io 
thin  edges ;  with  borax  forms  a  clear  glass.     Imperfectly  soluble  in  acids. 

Obs. — Occurs  in  many  rocks,  especially  some  trachytes.  The  original  locality  was  in  the 
Andes,  at  Marmato ;  also  in  the  porphyry  of  TEsterel,  France  ;  in  the  Vosges  Mts.  ;  at  Vil^ 
nefiord,  Icelxmd,  in  honey-yellow  transparent  crystals,  etc.  In  North  America,  found  •& 
Cbiteau  Richer,  Canada,  forming  with  hypersthene  and  ilmenite  a  wide-spread  rode ;  color 
flesh-red. 

Andesite  is  regarded  by  DesGloizeaux  as  an  altered  oligoclase,  but  many  oaiefnl  issljMi 
point  to  a  feldspar  having  the  composition  given  above. 


Monoclinic,  like  orthoclase,  and  angles  nearly  the  same.  C  =  64*  16'» 
/A /  =  118°  41',  ON\'i—  130°  56i'.  Cleavage  :  O perfect,  i\  somewhat 
less  80.     In  small  crystals,  single,  or  in  groups  of  two  or  three. 
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H.=6-6'5.  G.= 2*80,  transparent;  2*905,  translucent.  Lustre  vitreous^ 
or  like  that  of  adularia.  Color  white,  or  colorless ;  also  flesh-red.  Trans* 
parent  to  translucent 

Oomp. — Q.  ratio  for  B  :  fi  :  Si=l  :  8  :  8.  Formnla  (Ba,Es)iSdSi«Oit.  Analysis  of  hyalo* 
I^iane  from  the  Binnenthal  by  StockarEscher,  SiOa  52*67,  s^iGs  21  12,  MgO  004,  OaO  0*46, 
BaO  15-05,  Na,0  2  14,  K,0  7-82,  H,0  0-58=99  88. 

Pyr.,  etc — B.B.  fuiies  with  difficulty  to  a  blebby  glass.     Unacted  upon  by  acids. 

Om. — Occors  in  a  granolar  dolomite  near  Imfeld,  in  the  Binnenthal,  Switzerland ;  also  at 
Jakobsberg  in  Sweden. 
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Triclinic.    /A  /'  =  120°  42',  O  A  U,  ov.  %V  =  93°  50',  (9  A  /=  110^  55', 
0/\  T  —  114°  40'.    Cleavage :  O,  iri  perfect,  the 
latter  least  so.     Twins :  similar  to*  those  of  albite. 
Also  massive. 

H.=6-7..  G.=2-56-2-72;  mostly  2-65-2-69. 
Lustre  vitreo-pearly  or  waxy,  to  vitreous.  Color 
usually  whitish,  with  a  faint  tinge  of  gra}nsh- 
green,  grayish-white,  reddish-white,  greenish, 
reddish ;  sometimes  aventurine.  Transparent, 
Bubtranslucent.      Fracture  conchoidal  to  uneven. 

Oomp.,  Var.— Q.  ratio  for  B  :  Al :  Si=l  :  8  :  9,  though 
with  some  variations  (see  p.  297).  Formula  BAlSitOuf  with 
B=Nas(Ks),Ca  The  ratio  of  3  :  1  for  Na  :  Ga  corresponds  in 
this  formula  to  SiUca  61-9,  alumina  24*1,  lime  5*2,  soda  8*8=100. 

Var.  1.  ClettvcMe  ;  in  crystals  or  massive.  2.  Compact  massive ;  ciigodase-fdnte ;  includes 
part,  at  least,  of  the  so-called  compact  feldspar  or  fdsit a,  consisting  of  the  feldspar  in  a  com- 
pact, either  fine  granular  or  flint-like  state.  3.  Aventyrine  dUgodase,  or  sunstone.  Color 
grayiah-white  to  reddish-gray,  usually  the  latter,  with  internal  yeUowish  or  reddish  fire-like 
reflections  proceeding  from  disseminated  crystals  of  probably  either  hematite  or  gothite.  4. 
JfoonsUms  pt.     A  whitish  opalescence. 

Pyr.,  etc. — B.B.  fuses  at  85  to  a  clear  or  enamel-like  glass.  Not  materially  acted  upon  by 
acide. 

Obs. — Occurs  in  porphyry,  granite,  syenite,  serpentine,  and  also  in  different  eruptive  rocks. 
It  is  sometimes  associated  wit^  orthoclase  in  granite,  or  other  granits-like  rocks.  Among  its 
localities  are  Pargas  in  Finland  ;  Schaitansk,  Ural ;  in  protogine  of  the  Mer-de-61aoe,  in  the 
Alps:  in  fine  crystals  at  Mt.  Somma;  as  sunstons  at  Tvedestrand,  Norway;  in  Iceland, 
ooioness,  at  Hafnefjord  [hafnefiordiU).  In  the  United  States,  at  Unionville,  Pa.  ;  also  at 
HaddaoL,  Gt  ;  Mineral  Hill,  Delaware  Go.,  Pa. ;  at  the  emeiy  mine,  Chester,  Mass. 

Named  in  1826  by  Breithaupt  from  hUynr^  HttU,  and  k?Au,  to  deave. 

TacHKBHAKiTE  (v.  Kobell). — Supposed  to  be  a  magnena-feldspar,  but  the  oonclu8i(»i 
probably  based  on  the  analysis  of  impure  material.     Later  invec^igations  (Hawes,  Pisani) 
it  an  oligoolase.     Ooours  with  kjerulfine  from  Bamle,  Norway. 


AT.BITB. 


Triclinic  / A /  =  120^  47',  (? A i-i  =  93**  36',  (9 A /'  =  114^ 42',  OaI 
=  110°  50',  (9 A 2-r  =  136°  50',  O A 2-^  =  133°  14'.  Cleavage:  O,  i4 
perfect,  the  first  most  so;  1-i  sometimes  distinct.  Twins:  twinning-plane 
4-f,  axis  of  revohition  normal  to  i-iy  this  is  the  most  common  method,  and 
its  repetition  gives  rise  to  the  fine  striations  (p.  91)  upon  the  plane  Oy  which 
are  so  chai'acteristic  of  the  triclinic  feldspars;  twinning-plane,  2-4  (f.  678) 
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aiialogoos  to  tlie  Baveno  twins  of  orthoclaae ;  also  twinning-axis,  the  vertici] 
axis  (f.  575) ;  twinning-axia,  the  macrodiagonal  axis*  (J),  ^epartdina  tufitu. 
Double  twins  not  uncommon.  Trne  simple  cr)-8t8lB  very  rare.  Also  mw- 
Bive,  either  ianiellar  ov  gi-anular ;  the  laminse  sometimes  divergent ;  graonlu 
varieties  oocasioually  quite  fine  to  impalpable. 


IGdaietowa,  CL 


H.=6-7.  G.=2-59-2-65.  Lustre  pearly  upon  a  eleavaee  face  ;  vittwim 
in  other  directions.  Color  white,  also  occasionally  bluish,  gray,  reddish, 
gi-eenish,  and  green;  sometimes  having  a  bluish  opalescence  or  play  of  colon 
on  0.  Streak  uncolored.  Transparent— subtranslucent.  Fracture  iuie\-en. 
Jirittle. 

Oomp.,Var.--Q.TaUoITft:  Al :  Sisl  :  3  :  IS.  FoimiiUITa,AISi,0,.=:Snic*68'fl.*laiia« 
Ifl'S,  soda  11-8=100.  A  nnall  part  of  the  sodiam  is  reptaoed  nsDallT,  if  not  alwv>.t7 
IKitiumani,  and  also  b;  calcinm  (here  Nat  by  Ca).    Bnt  these  diflerenoea  are  not  tttat'lij 

sppareot. 

Var.  1.  Ordinarti-  («)  In  crystal*  or  cleavable  masnTe.  The  angles  vnj  somewkil, 
especially  foi  plane  1'.  (b)  AverUnriru;  similar  to  Bventurine  oligoclane  and  orthoolMs.  (<) 
Maonntoiui ;  Birailar  to  moongtoiiB  under  oligoclaao  and  orthodftsa.  PeruterUa  is  a  whiW 
adularia-like  albite,  alig-htly  iridescent,  having  Q.  =  3H28  ;  nnmod  from  Trcpunfpa,  ptjaw.  U" 
colors  resembling  somewhat  those  of  the  neck  of  a  pigeon,  {d)  Perieline  is  in  large,  opsqn^ 
white  ciyetals,  short  and  brood,  of  the  lormsin  f.  577  |f,  S34,  p.  101);  from  the  chloriteMhiA 
of  the  Alps.     Lamellar ;  eUatdandite,  a  white  kind  foand  at  Chesterfield,  Mass. 

Pyr.,  etc — B.B.  fuses  at  4  to  a  colorless  or  white  glass,  imparting  an  intense  yellci*  to  IM 
flame.     Not  acted  npon  by  acids. 

Obs.— Albite  is  a  constituent  of  several  rocks,  as  dioryte,  etc.  It  oconra  with  orthodMsin 
some  g-ranite.  It  is  common  also  in  gneiss,  and  sometimes  in  the  ciyetalliue  schists.  Vom 
of  albitic  granite  are  often  repodtories  of  the  rarer  granite  minerals  and  of  One  crystsUus* 
tions  of  gems,  inclnding  beryl,  tourmalioe,  allanite,  colnmbite,  eta  It  oocois  also  in  M*" 
•jTKhyte,  in  phonolyte,  in  granolar  limestone  in  diaseminated  crystals,  as  near  Hodsne  ja 
tiavoy.  Some  localities  for  ciystals  are  :  Schneeberg  in  Pssseir,  in  simple  crystsls  ;  Col  ul 
Bonhommn  ;  St.  Gothard,  and  elsewhere  in  the  Alps',  Feoig,  etc,  Saxony  ;  Arendal ;  OtsV" 
land;  Island  of  Elba. 

Id  the  U.  S.,  in  Miane,  at  Pari&  In  Xau.,  at  Ohesterfleld ;  at  Goshen.  In  Om<L,>t 
Hnddam;  at  Middletown.  In  JV.  ForA:,  at  Qranville,  Washington  Ca  ;  at  Morlati,  BaeiOt. 
Jn  Penn.,  at  Unionville,  Delaware  Co. 

The  name  AQiiU  is  derived  from  ottui,  white,  In  allusion  to  its  color,  and  w*s  giron  t^ 
species  by  Gahn  and  Beneljas  in  1814. 

■  Vom  Bath  has  recently  shown  this  to  be  the  trne  method  of  twinning  in  thla  «m«,  n' 
hcBioa  that  the  eiphnatton  of  Bow  (given  on  p.  101)  is  ii 


OXTOBK  OOMPOUNDS— ANBTDEOUS   BILI0ATK8. 


803 


ORTHOOLASS. 


twins)  f.  582,  bnt  the  clinopinacoid  {i-i)  the  composition -face  (see  p.  98) ; 
twinning-plane  the  base  (O)  f.  583;  also  the  clinodome,  2-1  {Baveno  twins\ 
as  in  f.  588,  in  which  the  prism  is  made  up  of  two  adjoining  planes  O  and 
two  i-i,  and  is  nearly  square,  because  (9  A  i-i  =  90°,  and  <?  A  2-i  =  135"^  3' ; 
/a  /=  169**  28' ;  also  the  same  in  a  twin  of  4  cr}'stal8,  f .  587,  each  side  of 
the  prism  then  an  O  (see  also  p.  99).  Often  massive,  granular;  sometimes 
lamellar.  Also  compact  crypto-crystalline,  and  sometimes  flint-like  or 
jasper-like. 
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Loxoolase. 

H.=6-6-5.  G.=2-44r-2-62,  mostly  2  5-2-6.  Lustre  vitreous;  on  cleav- 
nge-surface  sometimes  pearly.  Color  white,  gray,  flesh-red,  common; 
greenish-white,  bright-green.  Streak  uncolored.  Transparent  to  trans- 
Incent  Fracture  conclioidal  to  uneven.  Optic-axial  plane  sometimes  in 
the  orthodiagonal  section  and  sometimes  in  the  clinodiagonal ;  acute  bisec- 
trix always  negative,  normal  to  the  orthodiagonal. 

Oomp..  Var.— Q.  ratio  for  K  :  Al :  Si=l  :  3  :  12.  Formnla  K9AlSi«Oie=Silioa  64*7,  ahi- 
sdna  lo*%  potash  16'0=100;  with  sodium  sometimes  replacing  part  of  the  potassium.  Tha 
orthoclase  of  Carlsbad  oontaios  rubidium.  The  varieties  depend  mainlj  on  structure,  vazia- 
tloiifi  in  angles,  the  prestooe  of  soda,  and  the  presence  of  impurities. 

The  amount  of  sodium  detected  by  analyses  yaries  greatly,  the  variety  sanidin  (see  below) 
sometimes  containing  6  per  cent.  The  variations  in  angles  are  large,  and  they  occur  some- 
times even  in  specimens  of  the  same  locality.  The  ciystallization  is  normally  monoclinio, 
and  the  variations  are  simply  irregularities.  There  are  aJso  large  optical  variations  in  ortho- 
^aae,  on  which  see  DesGL  Min.,  1.,  329. 

Yar.  1.  Ordinary.  In  crystals,  or  deavable  massive.  AdtUaria  (adular).  Transparent. 
oleavable,  usually  with  pearly  opalescent  reflections,  and  sometimes  with  a  play  of  colors  like 
labcadorite,  though  paler  in  shade.  MoonsUme  belongs  in  part  here,  the  rest  being  albite  and 
oligodase.  Suruians,  or  aventurine  fddapar :  In  part  orthoclase,  rest  albite  or  oligoclaae 
(q.  T.).  AmaunnUme:  Bright  verdigris-green,  and  deavable,  mostly  mixtures  of  orthoclase 
and  miorooline  (Dx.).  KoBuig  concludes  that  the  coloring  matter  of  the  Pike's  Peak  amazon- 
■tone  ia  an  oiganio  compound  of  iron,  which  has  been  infiltrated  into  the  mass. 

Qamidin  of  Noae,  or  ffanyfMtpair  (indnding  mnoh  of  the  Ice-dpar,  part  of  which  ia  anov- 
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thite).  Occurs  in  transparent  glassy  oiystals,  mostly  tabular  (whence  the  name  from  aavtc^  s 
board),  in  lava,  pamlce,  trachyte,  phonolitc,  etc.  Proportion  of  soda  to  potash  varies  from 
1  :  20  to  2  :  1.  RhyaeoUte  is  the  same ;  the  name  was  applied  to  glassy  crystals  from  Mt 
Bomma  (Eisspath,   Wern.). 

CheaterUte.  In  white  crystals,  smooth,  bnt  feebly  lustroos.  implanted  on  dolomite  in  Chea- 
ter Co. ,  Penn.,  and  having  wide  variations  in  its  angles.  It  contains  bnt  little  soda.  Aoooid- 
ing  to  DesGloizeanx  the  chesterlite  consists  of  a  union  of  parallel  bands  of  orthoolase  and  a 
tiiclinic  feldspar  of  the  same  composition,  which  he  calls  microcUne  (see  below). 

Laxoclcue,  In  grayish-white  or  yellowish  crystals,  a  little  pearly  or  greasy  in  lustre,  oftei 
large,  feebly  shining,  lengthened  usually  in  the  direction  of  the  clinodiagonal.  0  A  7=112' 
30',  Oa/'=112'»  50',  iAi'=120°  20',  OAt-i  (cleavage  angle) =90*,  Breith.  G.=8-6-2-«2. 
Plattner.  The  analyses  find  much  more  soda  than  potash,  t^e  ratio  being  about  8  :  1»  but 
how  far  this  is  due  to  mixture  with  albite  has  not  been  ascertained.  From  Hammond,  St. 
Lawrence  Co.,  N.  T.  Named  from  \o(^s>  tranwerse^  and  tcktut,  I  cleave,  under  the  idea  that 
the  crystals  are  peculiar  in  having  cleavage  parallel  to  the  orthodiagonal  section.  PertMU, 
A  flesh-red  aventurine  feldspar,  consisting  of  interlaminated  albite  and  orthoclase,  aa  shown 
by  Breithaupt.     From  Perth,  Canada  East. 

Compact  ORTnocLASK  or  ORTnocLASE-FKLSiTE. — This  crypto-crystalline  varied  is  com- 
mon and  occurs  of  various  colors,  from  white  and  brown  to  deep  red.  There  are  two  kinds 
(a)  the  jasper-like,  with  a  sub  vitreous  lustre  ;  and  {b)  the  eeraUnd  or  icax-Uke^'Wiib.  a  waxy 
lustre:  Some  red  kinds  look  closely  like  red  jasper,  but  are  easily  distinguished  by  the  fusi- 
bility. The  orthoclase  differs  from  the  albite  felsite  in  containing  much  more  potash  than 
soda.     The  Swedish  name  HdUeflinta  meaxiB  false  flint, 

P yr.,  etc. — B.  B.  fuses  at  5  ;  varieties  containing  much  soda  are  more  fusible.  Loxoclase 
fuses  at  4.     Not  acted  upon  by  acids. 

Obs. — Orthoclase  is  an  essential  constituent  of  many  rocks ;  here  are  included  granite, 
gneiss,  and  mica  schist;  also  syenite,  trachyte,  phonolyte,  etc.,  etc. 

Fine  crystals  are  found  at  Carlsbad  in  Bohemia ;  Katherinenburg,  Siberia  ;  Arendal,  Nor- 
way ;  Baveno  in  Piedmont;  in  Cornwall ;  in  the  Urals  :  the  Moume  mountains,  Ireland,  etc.; 
in  the  trachyte  of  the  Drachenfels  on  the  Rhine.  In  the  U.  States,  orthoclase  is  found  in 
iyr.  Hamp. ,  at  Acworth.  In  Conn. ,  at  Haddam  and  Middletown.  In  N.  York^  at  liossie  ; 
in  the  town  of  Hammond ;  in  Lewis  Co. ;  near  Natural  Bridge  ;  in  Warwick ;  and  at  Amity 
and  Edenville.  In  Penn.,  in  ciystals  at  Leiperville,  Delaware  Co.,  etc.  In  iV.  (7ar.,  at 
Washington  Mine,  Davidson  Co.;  beautiful  Amasoustone  at  Pike's  Peak,  Col.  Massive  ortiio- 
clase  is  abundant  at  many  localities. 

MicuocLiNE.  A  triclim'c  pot^ish  feldspar. — The  name  microcline  was  orig^ally  given  by 
Breithaui^t  to  a  whitish  or  reddish  feldspar  from  the  zircon -syenite  of  Fredericksv&m  and 
Brevig,  Norway,  on  the  ground  that  it  was  tridinic.  It  was  shown  by  DesCloizeaux  that  this 
feldspar  was  merely  a  variety  of  orthoclase  remarkable  for  its  large  amount  of  soda.  Recently 
the  latter  author  has  proposed  to  retain  this  name  for  a  feldspar  found  in  the  midst  of  gran- 
ites, pegmatite,  and  gneiss,  which  is  shown  both  by  the  angle  between  its  cleavage  planes, 
and  also  by  its  optical  properties,  to  be  really  tridinic. 

Form  generally  like  that  of  orthoclase.  Cleavage  basal  and  clinodiagonal,  and  also  easy 
parallel  to  both  prismatic  faces  (7  and  1');  for  the  optical  properties  see  p.  298.  Often  asso- 
ciated with  orthoclase  in  regular  parallel  bands,  especially  in  the  amazonstone  ;  albite  is  also 
hometimes  present,  though  irregularly.  Analysis  of  a  ^^pure  microcline  '*  from  Magnet  Cove 
by  Pisani.     G.  =2-54. 


SiO, 

AlO, 

FeO, 

K,0 

Na,0 

ign. 

64  30 

19-70 

0-74 

15-60 

0-48 

0-35=101  17 

The  association  of  orthoclase  and  microcline  was  observed  in  specimens  from  the  Ilmeii 
Mts.;  Urals  ;  Arendal ;  Greenland;  Labrador;  Leverett^Mass.;  Delaware,  Chester  Co.,  Penn.; 
Pikers  Peak,  CoL  The  purest  microcline  was  that  of  a  greenish  color  from  Magnet  Core, 
Ark.  ;  it  enclosed  crystals  of  segiiite,  and  was  not  mixed  with  orthodaae. 

SUBSILICATES. 

Humite  or  Chondrodite  Growp^  including  three  sub-Bpeeies : 

L  Htmiite;  II.  Chondrodite;  m.  Olinohumite. 

The  existence  of  three  types  of  forms  among  the  crystals  of  humite  (YesaviiiB)  wai  early 
■hown  by  Scacohi ;  they  have  since  then  been  further  investigated  by  vom  Rath  (Pogg.  Iig., 


OXTOKtt  OCOCPODKSe — AlTHTDBOnB   BILI0ATB8. 


805 


Bd.  v.,  831,  1871  ■  ibid.,  tl,  SSB,  I8T3).  Tha  chemical  ideotit;  of  the  species  hmnite  am] 
«*nm1nwiih>  irM  SDOim  bj  BuDDielabe^  ;  lalier  Koksoharof  proved  that  the  ciystola  of  ohon- 
drodite  from  FatgM,  Finland,  were  identical  in  form  and  angles  with  Soaoohl's  type  II,  of 
faninite,  and  the  same  has  also  been  showa  of  the  Snediah  cryartals  by  vom  Batli,  In  187S 
tk«  mthor  deaoiibed  arTitals  of  ohondrodite  from  Brewster,  ]lf .  T, ,  belonging  to  each  of  the 
tfoM  ^pM  of  htimit«  ;  he  showed,  moieoTsr,  then  and  later  (Feb.,  1S76),  that  oontiai;  to 
iriiat  bad  been  prenoDHlyaaenmed,  theoryitala  of  both  t^rpe  IX  anitjpelll.veiomtnKKUnie. 
not  <Mhorhombio.  DesCloizeaax  and  iLeia  have  since  proved  (Jt^rb.  Hin..  1878,  No.  S) 
tlM  monodinio  character  of  tn>e  UL  of  the  Vesuvian  bnmite,  and  the  former  that  of  the 
Swedish  otTStals  (tjpe  II.)  ;  he,  moreover,  proved  the  orthorhombio  character  of  Uie  OTstalB 
ot  ^pa  X ,  TesaTioB.  In  aooordance  with  these  facta  DesCloIzeaoi  has  proposed  that  the  three 
^fpe«  be  legarded  aa  distinot  species,  with  the  names  given  above. 


Orthorhombio.  Holohedral.  i^a  (o»)  At  £  =  130°  19';  6*  (A)  A  3-i  (*"*)  = 
102°  48';  Ohl-i{i^  =  12i-16-;  0  A  3-1  (e*)  =  103°  47' ;  O  a  1-i  (^  =  liMJ" 
31' ;  (?  a  l!a  (?*)  =  121°  44'.  Twins :  twinning -plaue  ^-l,  also  ^-i,  in  l>oth 
eases  the  angle  of  the  horizontal  prism  is  nearly  130°.  Optic-axial  plaue 
parallel  to  the  base,  acote  bieectrix  poeitive,  normal  to  t-l.  Dispersion 
almoBt  zero.     2Ha  =  TP*  18' -79*  for  red  rajs.     (DeeCL) 


Monoclinic  ^  At  =  122°  29' ;  A  A ^  =  109*  5' ;  A  A  ^' =  106°  68'; 
X:  ft»=103°  12';  vlA7i»'^103°  9';  X  A  r' =  135°  20' ;  X  Ar»  =  125' 
50':   CAr*  =  146°24';   Car*  =  135°  40':   CAn"  =  135°  41'. 

'The  letters  (those  employed  by  Scacchi)  correspond  to  the  following 
symbols  • — 


A  =  0    »■  =  14  «»  =  - 
C  =  ii    a>=fi    6"= 


-2  r» 


r»  =  — fi   r»=— 4-a   m'= -8-t. 
r*=     4-1  r'=      4-1     4*=     l-V 


Twins :  twinning  plane  |-*  (±t)  and  f-t  (±t),  (both  having  a  prismatic 
wigle  nearly  120°) ;  also  the  basal  plane  O  (Brewster,  N.  Y.,  f.  593). 
Optic-axjal  plane  makes  an  angle  of  26°  with  the  base ;  acute  blBectriz 
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positive,  nonnal  to  the  clinopinacoid  (C).    2Bi>=88'  48'  for  ted  rvn, 
Brewster,  N.  T.  (E.  S.  D.).  2Ho=86°  W-Sf  20'  (red  rays),  Sweden,  (DeeCL) 


Monoclinic.  AA^  =  133'  40' ;  AA^  =  U3'iO';AA^=  125'  18' ; 
AAm  =  114°  55' ;  AAm'  =  92°  58' ;  ^  a n  =  132°  14' ;  A  A «*  =  122' 
57';  ^An'  =  97°23';4An"=97°23';ylA7^=131°23  ;^Ar*  =  125'' 
47';   Ca»^=132'' 50';   C'A»^  =  137°  25'.     DeeCloizeaiix. 

■  Tliese  letters  (those  employed  by  Scacchi)  coiTespond  to  the  following 
Bymbola : — 

A=0  t=fi  n=  4  n*=-4  »'*=— ^i  f'~-1j-i  f'=-j-i 
0=U  t'  =  l.i  n'=-^  n*'=  4  r*=  ^-S  /=  f-i  »^=  8-i 
DesCloizeaux  makes  the  plane  ^'  =  i-i,  t*  =  /,  and  r*  =  —  1,  and  r*  =  1. 
Twins:  twinning-plane  —  j-*';  also  the  basal  rlane  (Brewster).  Optic-axial 
plane  makes  an  angle  of  7^°  with  the  base,  Bi'ewster  (Dana) ;  same  angle 
for  Vesuvian  eryatala  equals  12°  28'  (Klein),  abont  11°  (DeBCl.V  Acuta 
bisectrix  positive,  nonnal  to  clinopinacioid.  2I[fl:=84°  40'-85°  15',  yellow 
(Kl.).=84''  3S'-85''  4'  white  crystals,  and  =86°  iO'-S?"  14'  brown  crystals 
(DeaCl.).     Sections  of  crystals  often  shows  a  complex  twinned  structnre. 

In  other  physical  and  in  chemical  characters  these  three  snb-species  are 
hardly  to  be  distinguished. 

H.=6-6'5.  G.=3-118-3-24.  Lustre  vitreous— resinous.  Color  of 
crystals  yellowish- white,  citron -yellow,  honey-yellow,  hyacinth-red,  brownisli 
(yesuviusj ;  also  deep  gamet-red  (Brewster).  Color  of  the  mineral  tuxof 
ring  maseive  and  in  rounded  imbedded  grains  (chondrodite  at  least  in  part) 
as  of  crystals,  also  sometimes  olive-green,  apple-green,  gray,  black.  Streak 
white,  or  slightly  yellowish,  or  grayish.  Transparent — subttaaslnccat 
"  sabeononoi ' 


Fractnre  sabeononoidal — uneven. 
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e  ohtmiioal  invesbigationB  of  Bamme1sb«iK  and  Tom  Eatb  bare  Mrred  to  sbow 
ft  ovuiderBble  Taiiatioa  in  oompoaition  in  the  different  varieties,  but  do  not  give  decidedlj 
different  fonnolttB  to  the  three  typee  of  3oacchi,  that  is.  the  three  mtnorola  deecribed  above. 

In  general  Q.  ratio  for  Tdg  :  Si=4  :  3  (li  :  1),  and  the  fonnnla  then  Hg.SiiOn  ;  or,  aa  pre- 
tared  b;  BunmelBbei^,  Mg  :  Si^S  :  4  (1^  :  1),  and  the  formnla  ia  then  Hg.Si,0,.  In  all 
aMsa  part  of  the  magneainni  la  replaced  hy  iron,  and  part  of  the  oxTgen  hy  Quorine  (F,),  the 
■tBonnt  vaiTing  from  2(  to  8^  Pt  o.,  bnt  oertainl;  not  dependent  (v.  Rath  and  Bamm.)  apon 
Ob  tbree  t|]T«& 

SiO,    FeO  HgO  F 

SS-eS    S'12  54-4e  2-48  CaO  033  AlO,  0-83=99-68,  t.  Bath. 

83-26    S-80  57-92  5-04  CaO  0-74  AlO.  l-Oe=IO0-3a,  Eamm. 

3410    7-28  53-73  4-14      AlO,  0-48=B9-73,  Hawea. 

88-96    6-83  63-fll  4-24      AlO,  0-72=99  26,  t.  Bath. 

5-48  04-92  2-40     AlO,  0-24=9960,  t.  Batli. 


L  Hninite,  VemThw, 
n.  ChoDdiodite,  Veauviii^ 
n.  Chondrodlte,  Biewstei, 
n.  Gfaondiodite,  Sweden, 
m.  Glinoh<unite,TeniTiui, 


ite(?),N.Jene]r|S3-97    3-48    S6-97    7'44 


=101-68,1 


VjT^  Bto. — B.B.  inftulble ;  *ome  varietiea  blacken  and  then  bnni  white,  Fttsed  with  salt 
of  pAonhomB  in  the  open  tnbe  gives  a  reaction  for  fluorine.  With  the  flnxea  a  reaotion  for 
inm.     Qelatiiiiaei  witb  aisda.     Heated  with  sulphnric  aoid  gives  off  silicon  flnoride. 

DUL — Distingniehing  oharaotera  are:  Infosibilitj  ;  gelatinizing  with  acide ;  flDorine  Teae- 
tfam  with  anlphurio  acid. 

OImi — The  localities  of  the  crjat&lliied  minerals  have  already  been  mentioned. 

Tbt  grannlai  ohondrodite  (F)  ocaun  mostly  in  timestone.  It  is  found  in  Finland  and 
in  Sweden;  at  Tabei^  in  Wermlaod  ;  at  Boden  in  Saxony;  on  Loob  'Seta  in  Scotland;  at 
Acdunatovak  in  the  Ural,  eta.  Abandant  in  the  oonntiea  of  Snasex.  N.  J.,  and  Orange.  K.  T., 
wlwie  it  is  araodi^ed  with  spineL  In  N.  Jer*ey,  at  Bryam  ;  at  Sparta ;  at  Temon,  Lookwood, 
and  Franklin.  In N.  York,  In  Orange  Co.,  in  Warwick,  Monroe,  etc.;  near  Edenville;  at 
the  Tilly  Foster  Iron  Mine,  Brewster,  Putnam  Co.  In  Jfojt. ,  at  Chelmsford.  InP«nn.,neai 
Clwdabwd.     In  Canada,  in  limestone  at  St.  Croaby  ;  St.  Jerome ;  St.  Addle  ;  Grenville,  etc., 


TOORBiAUMXI.    Tnrmalin,  Gmti. 
EhoiiibohedraL   B Mi  =  103",  OaB-  134°  3' ;  ^  =  0-89526.    1 A  J  = 


Gonvemenr,  N.T.  Bt.  Lawrence  Co. ,  N.T. 

154"  69',  i  A  i  =  133"  8',  »-3  A  i'  =  155»  14',  i-3  A  i»  ^  142°  36'.    UsuaUj 
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heraihedral,  being  often  unlike  at  the  opposite  extremities,  or  hemimorphic 
and  the  prisms  often  triangular.  Cleavage:  jB,  —J.  and  i-2,  difiicalt. 
Sometimes  massive  compact;  also  columnar,  coarse  or  fine,  parallel  or 
divergent. 

H.=7-7*5.  G.=2-94-3'3.  Lustre  vitreous.  Color  black,  brownish- 
black,  bluish-black,  most  common  ;  blue,  green,  red,  and  sometimes  of  rieli 
shades ;  rarely  white  or  colorless ;  some  specimens  red  internally  and  green 
externally ;  and  others  red  at  one  extremity,  and  green,  blue,  or  black  at 
the  other.  Dichroic  (p.  161),  Streak  uncoloi*ed.  xi*ansparent — opaone; 
greater  transparency  across  the  prism  than  in  the  line  of  the  axis,  irac- 
ture  subconchoidal — uneven.     Brittle.     Pyroelectric  (p.  165). 

Var.— 1.  Ordinary.     In  oxystala.     {a)  RubeUite;  the  red  sometimes  tranaparentL   {h)  Indi- 

eoUte  ;  the  blue,  either  pale  or  blnish -black  ;  named  from  the  indigo-blue  color.    (6)  JmaSiin 

Sapphire  (in  jewelry) ;  Berlin-blue  and  transparent ;   (d)  Brazilian  Emerald^  CkrjftetiU  (oc 

Peridot)  of  Brazil ;  green  and  transparent     {t)  Peridot  of  Ctylon  ;  honey-yeUow.     (/)  AA- 

roite;  colorless  tourmaline,  from  Elba,     {g)  Aphrizite;   black  tourmaline,  from  Krag«ne, 

Norway,    (h)  Columnar  and  black;  coarse  columnar.    Resembles  somewhat  hornblende, bat 

nas  a  more  resinous  fracture,  and  is  without  distinct  cleavage  or  anything  like  a  fibrooi 

appearance  in  the  texture. 

Oomp. — Q.  ratio  of  all  varieties  for  R  :  Si=3  :  2  (Rammelsberg),  consequently  the  genenl 
II    1  I  II 

formula  is  R9(Re,i{)Si05.    R  may  represent  here  H,  K,  Na,  Li ;  also  R=Mg(Oa),Fe,]iii,  aod 

R=^,Ba ;  further  than  this  the  Si  is  often  in  part  replaced  by  F*.    Rammelabezg  distiB- 

ruishes  two  groups,  where  the  Q.  ratio  for  B  :  Al  :  Si=8  :  6  :  8,  and  (2)  with  the  Q.  ntiofor 

B  :  Al :  Si=l  :  3  :  3.     In  the  first  group  faU  most  of  the  yellow,  brown,  and  black  vazietui, 

w  II  I 

the  bivalent  elements  (Mg,Fe)  predominating,  the  general  formula  being  Rt(R«)fi9Si40M. 

The  Si^cond  group  includes  the  colorless,  red,  and  slightly  green  kinds,  the  univalent  elemenii 

1     II 

appearing  most  prominent,  especially  lithium.     The  general  formula  is  R«(Ra)R«Si»04i* 

Several  distinct  varieties  are  made  under  these  groups,  which  will  be  sufficiently  illustnted 

by  the  following  analyses,  by  Rammelsberg.    I.  Gouvemeur,  brown-;  G.  =3*0^9.    U.  Haddam, 

black;  G.=3  13G.     III.  Goshen,  blu ish- black ;  G.=3'203.     IV.  Paris,  Me.,  red;  G.=3-019. 

V.  Chesterfield,  Mass.,  green;  G.  =3*069. 

SiO,  BaOa  AlO,  FeO  MnO  MgO  CaO  NaaO  K,0  Li,0      F  H,0 

I.  38-85  (8-35)  3132  114     14  89  1"60  1-28    0-26     2-31=100^ 

II.   37-50  (9  02)  30-87  8*54     8-60  1-33  1*60    0  73      1-81=100<» 

III.  36-22  10-65  33-35  11-95  125  0-63     175    040  0*84  0-82  2-21=100'82 

IV.  3819  9-97  42-63      1-94  039  0-45  260    068  117  118  2-OO=100'20 

V.   38-46  9-73  36-80  6-38  0*78  188  —  247    047  0-72  0*55  2-31=100-55 

P3rr.,  etc. — I.  fuse  rather  easily  to  a  white  blebby  glass  or  slag ;  II.  fuse  with  a  strong  best 
to  a  blebby  slag  or  enamel ;  III.  fuse  with  difficulty,  or,  in  some,  only  on  the  edges;  IV.  foM 
on  the  edges,  and  often  with  gpreat  difficulty,  and  some  are  infusible  ;  V.  infusible,  but  beoom- 
ing  white  or  paler.  With  the  fluxes  many  varieties  give  reactions  for  iron  and  mangantt^ 
Fused  with  a  mixture  of  potassium  bisulphate  and  fluorite  gives  a  strong  reaction  for  boncie 
acid.  By  heat  alone  tourmaline  loses  weight  from  the  evolution  of  silicon  fluoride  and  per- 
haps also  boron  fluoride ;  and  only  after  previous  ignition  is  the  mineral  completely  deoom* 
posed  by  fluohydric  acid.  Not  decomposed  by  acids  (Ramm. ).  After  fusion  perfectly  daowB* 
posed  by  sulphuric  acid  (v.  Kobell). 

Diflf. — Distinguished  by  its  form,  occurring  commonly  in  three-sided,  or  six-sided  prisma; 
absence  of  cleavage  (unlike  hornblende).  It  is  less  easily  fusible  than  garnet  or  vesuvisnit^ 
B.6.  (see  above)  gives  a  green  flame  (boron). 

Obs. — Tourmaline  is  usually  found  in  granite,  gneiss,  syenite,  mica,  chloritic  or  talcose  schiiki 
dolomite,  granular  limestone,  and  sometimes  in  sandstone  near  dykes  of  igneous  rocks.  Tbi 
variety  in  jjfranular  limestone  or  dolomite  is  commonly  brown. 

Prominent  localities  are  Katherinenburg  in  Siberia;  Elba;  Windisch  KappelVin  Garinthis; 
Rozena;  Airolo,  Switzerland;  St.  Gothard.  In  Great  Britain.  Bovey  Tracey  in  Devon; 
Cornwall,  at  different  localities  ;  Aberdeen  in  Scotland,  etc. 

In  the  U.  States,  in  Maine,  at  Paris  and  Hebron.  In  Mass.,  at  Chesterfield ;  at  Goshen,  btUiO. 
In  N,  Ha/np.,  Grafton ;  Acworth,  etc.   In  Conn,,  at  Monroe  and  Haddam,  black.  In  Jf,  York^ 
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,  BMrFortHnu;,  E«8exOo.,eQelo«mgorthoclBae(teep.  109);  Pierrepcmt; 
memx  EdaariUe.  In  Ann. ,  near  UnioiiTiUe ;  at  Cheabei ;  Hiddletown,  and  elMtrhsn.  In 
Canada,  at  O.  Gidamet  Id. ;  at  Fiterof,  0.  W.  ;  at  Honteratown,  C.  £  ;  at  Balhont  and 
Bnulctr,  C.  W. 


Qkhlenite. — TeCragonaL  Color  grayiBh-gTeen.  Q.  ratio  f or  R  :  fi  :  Si=8  :  8  :  4,  or  8  :  8 
toi  bMea  and  iiliooii.  Formula CaiHSi,0^g,  with  R=Al :  Fe=S  :  1;  this  lequiicaSilioaSS-B, 
alumina  31 'S,  Iron  acaqnlozid*  4-4.  Urns  4-30=100.     Mt.  Hotuooi,  F«MatluLl,  TttoI. 


l:d=  0-71241 


AHDAK-USITU. 

Orthorhombic.     I A  7=  90°  48',  O  A  l-i  =  144°  32' ;  i 
:  1'01405  ;  1.     Cleavage  :  I  perfect  in  crystals  from 
Brazil;  i-i  less  perfect;  i-{  in  traooB.     MasBive,  im- 
perfectly columnar,  sometimes  radiated,  aiid  granular. 

H.=7'5  ;  in  some  opaque  kinds  3—6.  (J.=305— 
3-35,  mostly  3'l-3'2.  Lustre  vitreous  ;  often  weak. 
Color  whitish,  rose-red,  flesh-red,  violet,  pearl-gray, 
reddish-brown,  olive-greeu.  Streak  uncolored.  Trans- 
parent to  opaque,  usually  subtiansluceut.  Fracture 
aueven,  subconchoidal. 


V«r< — 1.  Ordinarj/.  B.=:7'Sontheba«Jfaae,  if  notelaewhere. 
S.  Ohia»MiU  (maele),  SteillOK,  Mow.  Stout  otTttala  having  the 
axia  and  asgla  of  a  diSeient  oolor  from  the  reat.  owing  to  a  rega- 
lar  Bnangement  of  impnritiei  through  ths  interior,  and  hence  ex- 
hibiting a  oolored  oroea,  or  a  teoselated  appearance  in  a  trsneverse 
Motion,  H.  =S-7-G,  Tar;ing  much  with  the  degree  of  impniilj. 
Ttta  following  figure  aliowaaictioiu  of  BomearTBtala  (nee  also  p.  110). 
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Oomp.— Q.  ratio  tor  R  ;  Si=!t :  2;  A18iO.= Silica 36-9,  alDnunaG3-l  =  l< 
little  FeOi  is  preaenL 

Pyr.,  etc. — B.B.  infosible.  With  cobalt  solution  giyes  a  blue  color.  Kot  decomposed  b7 
■oida.     Decomposed  on  fneion  with  caustic  alkalies  and  alkaline  cacbonatea. 

THS. — Diatingniahing  charaobeiB :  iafoaibilit; ;  htrdueaa;  and  the  form,  being  nearly  tbak 
of  a  Kiiuite  prism,  onlLke  stauroUte. 

Obi. — Host  common  in  argillaceona  schist,  or  other  schists  imperfectl;  crTstalline ;  also  in 
gneiaa,  mica  schist,  and  related  rocka.  Found  in  Spain,  in  Andalusia,  aod  thence  tbe  name 
of  the  apeoiw ;  in  tlie  T;rol,  Lisens  valley ;  in  Saionj,  at  Bniunadorf.  and  elsewhere.  In 
Iialaod.  Id  Bradl,  pronnoe  of  Hinas  Oeraee  (transparent!.  Common  in  crfstolline  rocks  of 
Kew  England  and  Canada ;  good  crTstals  have  been  obtained  in  Delaware  Co.,  Peon.,  etc.; 
»Im  In  uUifomia ;  in  Mao.,  at  Sterling  (aUutab'tt). 


FIBUOUTB.    Bnoholnte.    SUUmaolta. 

Orthorhoinbic.  /A  /=  96°  f  o  9S°  in  the  smoothest  crystals ;  usually  larser, 
the  faces  /  striated,  and  passing  into  i-2.     Cleavage  :  i-i  very  perfect,  Bril- 


liant.     Ci-ystals 
massive,  sometiin 


'  long  and  slender.     Also  fibrous  or  columnar 


310  DBSCBipnyE  minebaloot. 

H.=6-7.  *  G.=3*2-3'3.  Lustre  vitreous,  approaching  subadatnantine 
Color  hair-brown,  grayish-brown,  grayish- white,  grayish-green,  pale  olive- 
green.     Streak  uncolored.     Transparent  to  translucent. 

Var. — 1.  SiUimarUie  In  long,  slender  crystals,  passing  into  fibrous,  with  the  fibres  sepir- 
fble.  2.  Fibrdite,  Fibrous  or  fine  oolamnar,  fijrm  and  compact,  sometimes  xadiafied :  gny* 
ish-wbite  to  pale  brown,  and  pale  olive-green  or  greenish-gray.  BuehoisUe  and  manrctUiwn 
here  included ;  the  latter  is  radiated  columnar,  and  of  the  greenish  oolor  mentioned. 

Oomp :A:lSi06,  as  for  andalusite=:  Silica  36*9,  alumina  631=100. 

Pyr.,  etc.— Same  as  given  under  andalusite. 

lASL — Distinguished  from  tremolite  by  its  infosibility ;  also  by  its  brilliant  diagonal  oiatf- 
age,  in  which  and  in  its  specific  gravity  it  differs  from  cyanite. 

Obs. — Occurs  in  gfneiss,  mica  schist,  and  related  metamorphic  rocka.  In  the  Fwiwtthtl, 
Tyrol  {buehoizite) ;  at  Bodenmais  in  Bavaria,  eto.  In  the  United  States,  at  Wozoeeter,  Mm. 
Near  Norwich,  Conn.  ;  at  Chester,  near  Saybrook  (nlUmanite).  In  If.  Torky  in  Monroe, 
Orange  Co.  {monroUte),  In  Penn,^  at  Chester  on  the  Delaware;  in  Delawaze  Ca,  eta  li 
Delaware,  at  Brandywine  Springs.    In  iV.  Carolina,  with  corundum. 

Fibrolite  was  much  used  for  stone  implements  in  western  Europe  in  the  ^^  Stone  age." 

WdBTHiTS,  a  hydrous  fibrolite  ;  Westakite  (Sweden)  is  related  in  composition. 


OTANrm.    Kyanite.    Disthene. 

Triclinic.  In  flattened  prisms ;  O  rarely  observed.  Crystals  oblona 
nsnally  very  long  and  blade- like.  Cleavage:  i-l  distinct;  t-i  leas  so;  U 
imperfect.     Also  coarsely  bladed  columnar  to  subfibrous. 

II.=6-7'25,  the  least  on  the  lateral  planes.  G.=3*45-3"7.  Lustre  vit- 
reous— \>early.  Color  blue,  white,  blue  along  the  centre  of  the  blades  or 
ciystals  with  white  margins ;  also  gray,  green,  black.  Streak  uncolored. 
Translucent — transparent. 

Var. — The  white  cyanite  is  sometimes  called  Rhatmte. 

Comp.—:zVlSiOA= Silica  86*9,  alumina  631=100,  like  andalusite  and  fibrolite. 

Pyr.,  etc. — Same  as  for  andalusite. 

IMff. — Unlike  the  amphibole  group  of  minerals  in  its  infosibility  ;  occurrence  in  thin-bUded 
prisms  characteristic. 

Obs. — Occurs  principally  in  gneiss  and  mica  slate.  Found  at  St.  Gk>thard  in  Switzerland ; 
at  Grelner  and  Pfitsch  in  the  Tyrol ;  also  in  Styria ;  Carinthia ;  Bohemia.  In  M(U»'t  *^ 
Chesterfield,  etc.  In  Conn.,  at  Litchfield;  at  Oxford.  In  Ferm^n^,  at  Thetford.  hi  Penn.^ 
in  Chester  Co. ;  and  Delaware  Co.     In  N.  Carolina. 


TOPAZ. 

Orthorhombic.  /A  7  =  124°  IT,  6>  A  1-i  =  138°  3' ;  (5 :  X  :  J  =0-90243 
:  1-8920  :  1.  0M  =  134°  25',  1  A 1,  inacr.,  =  141°  0'.  Crystals  usually 
lieniihedial,  the  extremities  being  unlike  ;  habit  prismatic.  Cleavage: 
banal,  liighlj  perfect.     Also  firm  columnar  ;  also  granular,  coarse  or  fine. 

H.  =  8.  G.=3-4-3*65.  Lustre  vitreous.  Color  straw-yellow,  wiue- 
yellow,  white,  grayish,  greenish,  bluish,  reddish  ;  pale.  Streak  uncolored 
Transparent — subtranslucent.      Fracture   subconchoidal,   uneven.      Pyro 
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«leetrie.  Optie-axial  plane  i-i ;  divei^uce  verj  variable,  sometimes  differ- 
ing mnch  ill  different  parts  o£  Uie  same  vi-vBtal ;  bisoctrix  positive,  uoimal 
to  O. 


{^^^ 


Tnimbnll,  Ct 


SchnecksDatoin. 
itioof  F,  :0=1:8= 


Oomp.— AlSiOi,  with  pait  of  the  oz;gen  replaced  bj  Qaoiine  (Fi) ; 
aUoon  lS-17,  AlDmmniD  2»'58,  oijgea  31'67,  fluorine  20-58=100. 

Pyr^  etc. — B.B.  infnmble.  Some  TorietieB  take  %  wice-yellow  or  pink  tioge  when  he&ted. 
Ftaaed  to  the  open  tube  with  iait  of  phoaphoms  gives  the  reactioo  fot  flnorine.  With  cob^t 
Mlation  tho  piUvenwd  mineral  girea  a  fine  blue  on  heating.  Onlj  paitiallj  attacked  by  aal- 
pbario  Boid. 

Dl£— DiatinKiiiahiiig  obarMten:— hardaem,  gieater  than  that  of  qnart*;  inftuibiUlj ; 
[lerteob  baaal  deaTOge.     B.B.  jielda  fluorine. 

Obi. — Topaz  oocun  in  gneias  or  granite,  with  totumaliDe,  mica,  and  beryl,  occasionaltf 
tritll  apatite,  fluorite.  and  tin  ore  ;  also  in  talcoae  rook,  aa  in  Brazil,  with  eaolose,  etc.,  oi 
in  mica  alat^.  Fine  topazes  oome  from  the  tTrala  ;  Kamachatka ;  Brazil;  in  Caimgoim, 
\berdeenshice ;  at  Qie  tin  mines  i>f  Bohemia  and  Saiony.  Pkymiiu  (a  coarse  variety),  oocnn 
»t  Foasnm,  Norway  ;  also  in  I>iiraDgo,  Heziooj  at  La  Paz,  province  of  Oiuuiaiuato.  In  tha 
i'nited  &t«tet,  in  Conn.,  at  Trumbull  In  S.  Car.,  at  Crowder's  Hountain.  In  Utah,  in 
ThMoaA  Ht& ;  ixom  gcJd  waahioga  of  Oi«g(ni. 


Monocliuic.     C  =  79"  44'=  0\i4,fAT=  115°  0',  (9  A  1-i  =  146°  46' 
i:l:d=  1-02943  : 1-5446  :  1  =  1 :  1-50043  :  0-97135. 
Cleavage :  i-i  very  perfect  and  brilliant ;   0,  i-»  much 
less  distinct.     Found  only  in  crvatals. 

H.=7-6.  G,  =  3098(Haid.)."  Lustre  vitreous,  some- 
what pearly  on  the  cleavage-face.  C3olorle8S,  pale  moun- 
tain-green, passing  into  Blue  and  white.  Streak  un- 
colored.  Transparent ;  occasionally  subtraiispai-ent. 
Fracture  couchoidal.     Vei-y  brittle. 

Oonp^Q.  ntio fOT  H  :  Be  :  Al :  8i=l  -.H-.B  :4.torE  :  Si=8  :2 
(H.=B.  and3R=Al),  formula.  H,Be,A18i,0,a=SiIIca  41-30,  alnmiua 
BS-S3,  gluoina  IT'39.  water  019=100. 

Pfr.,  etc^In  tha  cloaed  tube,  vhen  strongly  ignited,  B.B.  gives  off 
wmter  (Damonr).     B.B.  in  the  foroepe  oracka  and  wbitenii,  throws  oat  ^^.^ 

pointi,  and  fuses  at  Q'S  to  a  whit«  enamel.     Not  acted  on  by  acids. 

Otm. — Oocnn  in  Braail,  at  Villa  Bica ;  in  aonUieiii  Ural,  near  the  livta  Saoatko. 


HniSRALOa'^ 


D&TOUTS.    BnmtMldUte. 

Monoclinic.  C=  89°  54'=  (9  (below)  A t-t,  7a7=115**  S',  (?Al-i  = 
163°  27';  ^:  fi:  »  =  0-49695:  1-6712  :  1.  Ca-2-i=135'*  18',  Oa1  = 
149°  33',  I A  /front  =  115"  3',  2-i  A  2-i,  ov.  0,  =  115°  21',  i-i  A  i-i,  ov.  t-t, 
=  76*  18',  4-i  A  4-i,  ov.  0,  =  76°  88.  Cleavage :  O  distinct.  Alao  botrj- 
oidal  and  globular,  having  a  columnar  etructui'e ;  also  divergent  and  n£- 
ating }  alao  maeslvo,  granular  to  compact. 


Beigen  Hill. 


H.=5-5-5.  G.=2-8-3;  2989,  Areiidal,  Haidin^r.  Lnatre  vitreoni, 
rarely  BubresinoHB  on  a  surface  of  fracture;  color  white;  sometimes grtv- 
ish,  palo-furecn,  yellow,  red,  or  ainetlij'stine,  rarely  dirty  olive-frreen  ox 
honey-yellow.  Streak  white.  Traus]u<?ent;  rarely  ojiatiuc  white.  Frac- 
ture imevt'u,  subconchoidal.  Brittle,  Plane  of  optic-axes  t-i;  angle  of 
divergence  very  obtuse;  bisectrix  makes  an  angleot  i'withauonnal  tot'-i 

Vat.— 1.  Ordinary.     In  mystals,  gluay  in  aapeot.     TTnimlfornuuInflsnMB.    Z.  Cov^fut 
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mamfet.  Wbite  opaque,  bmaUng  with  the  anrfkoe  of  poro«l>la  oz  Wedgewood  iraiB.  Fiotn 
tbo  L.  Superior  i^on.  8.  Botiyoidai  ;  BotryoiUe.  Bkdikted  oolnmiiv,  haTing  » tKiti7old«l 
nzfmoe,  and  oontaiolng  more  wftter  thui  the  or;Bt>la.  The  origiiud  looalitf  of  both  th«  ot7>- 
talliwd  and  botrjoidKl  wu  Atendal,  Noraay.  SofftoriU  ii  dUolite  altered  to  ehaloadonr, 
tma  the  Haytor  Ixoa  Mine,  E^land. 

Oomp.— q.  ntio  for  H  :  Ca  :  B  :  Si=l  :  2  :  8  :  4,  like  enolaM:  frwmnU  HiOatBtSItO,.=: 
Slio*87-0,boroatrioxideSl-9,  UmeSS-O,  water 0-e= 100.  BotTjroliteooDtaiiiBlO-Mp.o,  water 

Fyr.,  etc. — In  tha  olooed  tube  gives  oS  nmch  water,  B.  B.  fuaea  at  3  with  intiinieaoaiiae  to 
a<liar  f^aBB,  coloring  the  Same  bright  green.     Oelaiaiiiaes  witb  hydcoohlorio  acid. 

BUL — DistingnMbingr  oharacten  :  glanj  lujttre  j  nnuU]'  oomfdez  ca;at«Uintion;  B.B. 
fnes  easily  with  a  gmva  flama  ;  gelatisiies  with  ModJL 

Oba. — I^tolito  is  found  in  trappeon  looka  ;  also  in  gueias,  dioTjte,  and  BBrpentine  ;  in  me- 
laDia  reins ;  sometimea  also  in  beda  of  iron  ore.  Found  in  Scotland  ;  at  Arendal ;  at  Andceaa- 
ber^ ;  at  Baveno  near  Lago  Hsggiore ;  at  the  Seiner  Alp,  Tyrol ;  at  Toggiaoa  in  Hodena,  in 
* '  I.  In  good  epeoimena  at  Boaring  Brook,  near  New  Haven ;  also  at  many  other 
n  the  tnp  nx^  of  Connecticut ;  in  S.  Jeney,  at  Bergfen  Bill ;  in  the  Lake  Superior 
d  OB  Iile  Boyala    Santa  Olara,  OoL,  with  garnet  and  TSauTlaiilteL 


v*        TCtAJXTTB.    SpHxm. 

Monoclimc.  (7=  60°  17' =  0  A*-i;  /a /=  113"  31',  0Al-i  =  lB9' 
S9' ;  6:b:d  =  0-&6586  :  1-3251  :  1.  Cleavage :  / sometimea  nearly  per- 
fect ;  i-i  and  —1  much  less  bo  ;  rarely  (in  greenovitoj  2  easy,  —2  leaa  bo  ; 
sometimes  hemimorphic.  Twins:  twiiining-plane  t-t ;  usually  producing 
thin  tables  with  a  reentering  angle  along  one  side;  eometimea  elongated, 
•8  in  f .  623.     Sometimes  massive,  compact ;  rarely  lamellar. 


Lederite.  SpinthSie.        Schwaiienrtein. 

H.=5-5-5.     G.=3'4-3-56.     Lustre  adamantine — resinons.    Coloi  brown, 

gray,  yellow,  green,  and  black.    Streak  white,  slightly  reddish  in  greenovito 


DX8CBIFTIVB  mHBBALOQT. 


Transparent — opaque.  Brittle.  Optie-axial  plane  t4  ;  bisectrix  po«ti™, 
very  uloaely  normal  to  1-i  (as) ;  double  refraction  strong ;  axial  diverfjew* 
63"-56''  for  the  red  rays,  46"-45'  for  the  blue ;  DeaCl. 


'Vmz.—Oidiiuirj/.  (n)  Titaiiitt;  brown  tobliu>k,tbeoiigii]albeij)gth>ucoloi«d,  •iMopafw 
or  ■QbtrausluceDt.  (b)  iSpAtne  foAiaed  Irani  r^ijr,  a  ualget ;  of  lightiihmdea,  u  jellow,  sncB- 
iah,  etc ,  acid  often  tnuiHluoeiiC ;  the  origiDal  wu  jellow.  Maitgantman  ;  OrttnetiU.  Bri 
01  loae-colored,  owiog  to  the  preseiuM  of  a  little  mauguieiie.  In  tha  oiTBtab  ther*  i»  ft  |i«U 
divemty  of  fonu,  aiiiung'  from  an  elon^tian  or  not  into  a  pTuiii.  and  from  the  oooomoM  rf 
the  elongation  in  the  direction  of  different  diametera  of  tbe  fnnilamental  form. 

Pyr.,  etc.— B.B.  aome  Tsrietiea  change  color,  becoming  yellow,  and  foM  at  S  vritil  lata- 
UMcenoe,  to  a  jelloir,  blown,  or  blaok  glaw.  With  bom  titsy  aSoid  a  clear  yeUowiih-pMi 
kIbbs.  Impcrfpctly  aoluble  in  lieiitcKl  hydrochlorio  acid ;  and  if  the  tolntion  b«  conaeatnM 
•long  with  tiu,  it  beiMineB  of  a  fine  violet  color.  With  salt  of  phosphorus  in  B.F.  ghM  I 
violet  bead ;  TocietieH  containing  muoh  iron  require  to  be  treated  wiUi  the  flux  on  "'t'— ** 
with  metallic  tin.     Uompletely  deoompoaed  by  snlphnric  and  llnohydtio  aclda. 

SUL — The  reHinoiu  laatre  is  Terj  charaotetistic  ;  and  its  commonly  ooonrring  »iiiiTnri  ilnpri 
(onn.     B.B,  gives  a  titaniam  reaction. 

Oba, — Titonite  occurs  in  imbedded  DrjstalB,  in  granite,  gneiss,  mioaaohiBt,  tyrtdia,  dilonli 
■ohist,  and  granular  limestone  ;  also  in  beds  of  iron  ore,  and  volcanic  rooka,  and  often  !■•■ 
oiated  with  pyroxene,  hornblende,  chlorite,  scapolite,  zircon,  eta  Found  at  UL  Gothard,B>d 
elsewhere  in  the  Alps;  in  the  protogine  of  Chamouni  (pietitt,  Sans.)^  at  Ala,  F'  ' 


near  Tremadoc,  in  North  Wales. 

Occnrs  in  Canada,  at  Grenville,  Elmsley.  eta  In  Maine,  at  fianford.  In  Mam.,  at  Bt)- 
ton  ;  at  Pelbam.  In  H.  York,  at  Oonvemenr ;  at  Diana,  in  dark-bratm  ojatala  (Mcriib]; 
in  Orange  Co. ;  near  EdenviUe ;  near  Warwick.  In  N.  Jartty,  at  Franklin.  In  Pom.,  Bb^ 
Co.,  near  Attleboro'. 

OUABIMITK. — l^ame  composition  as  titanit«,  but  otthorhombio  (v.  Lang  and  Qniaatdijii 
crystalliiatiou.      Color  yellow.      Mt.  Summa.  • 

KsiLiiAUlTb:  (Yttro titan ite).— Near  sphene  in  form  and  oimposition,  but  containing  sis- 
mina  and  yttrio.     Arcndul,  Norway. 

TscnEPFKiNlTlc. — Analogous  to  keilhauite  in  composition,  containing,  beaidea  titsniiB, 
also  cerium  (La,Di),     Occurs  mabsive.     llmen  HtA 


8TAUROUIS. 


OrtlK -rhombic.    7a/=  129"  20',  0  Al-i  =r  124"  46';  c:l:d  =  \-^M 
:  2-11233  :  1.     Cleavage :  i-l  distinct,  but  interrupted ;  I  in  traces.    Twim 


oruciforin :  twimiing-plane  i-j  (f.  628) ;  }-i  (f.  629) ;  and  j-J  (f.  630).    Hg. 
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1  is  a  drilling  attcording  to  the  last  method  of  twiuDiog,  and  iu  f.  632  both 
ethods  are  combiiied.     See  also 

ftO  and  p.  98.      CiTBtalB  often  081  688 

ith  rough  earfaces.  Massive 
■miB  unobserved. 

H.=7-7-5.  G.=3-4-3-8.  SiiV 
LtreonB,  iuoliuing  to  reeinons. 
tolor  dark  reddish -brown  to 
nnrniBh-black,  and  yellowieh- 
rowu.  Streak  nncoloi-ed  to 
njish.  Translucent — nearly  or 
aiteopaque.  Fracture conchoidal. 

Oanpi  Tar. — Q.  ratio,  acccntlli^  to  Rammelsberg,  for  B  :  ft :  Si=3  :  B  :  Sffrbere  RU  Fo 
4]fK,udmlwiDclndMHt,withH,  :  B=l  :  3).  Formula  H,R, A  1.(11,0..  (if  Hg  :  Fe=l  :  3) 
SUieB  80-87,  alamina  SI  -93,  iran  prutuxide  13  W,  magaoeia  3  o3.  water  1  '52=100.  The 
n  wa*  fint  taken  «•  FeO.,  bnt  Hitscherliob  ehowed  that  it  was  renlly  FeO.  Staarolita 
ien  iodndea  Impurities,  eapeoiall;  free  qaarix,  as  first  shami  b;  Lechartier,  and  since  Iben 
Flaoher,  Laoanlz,  and  RammelHberg.  This  n  the  canxe  uf  the  variation  in  tbe  omouiit  ot 
ia»  Kppauing  in  moat  analrses,  there  being  Bometimes  as  much  aa  50  p.  c 
Pyr.,  ato — B.B.  infumble,  ezceptdog'thenianganesiaitTariet;,  which  fnsee  easily  to  a  block 
ignetio  glass.  With  the  fluiea  gives  ruactiona  for  iron,  and  sometimea  for  moogtuiese. 
mrtactlT  decomposed  by  solphuric  acid. 

Dltti — AliTBys  in  arystals ;  the  prums  obtuse,  haTing  an  angle  of  121)". 
3ba. — UiDslly  found  in  mioa  schiat,  argillaceous  scluet.  and  gneiss  ;  often  asaocinled  with 
3Mt,  CTanite,  and  (onnnaline.  Occurs  with  cyanite  in  paragonite  Bchiat,  at  Mt  CaiDpione, 
ttaariAnil ;  at  the  Greiner  moontain.  and  elsewhere  in  the  Tyrol ;  in  Britt«ny  ;  in  Ireland. 
Biidant  thronghoat  the  mica  slate  of  New  Engliuid.  In  Maint,  at  Windham,  and  elsewhere. 
Mam.,  at  Chesterfield,  etc.  In  Peaii.  In  Georgia,  at  Gaatoa  ;  and  iu  Fannin  Co. 
iGHOBLOHlTli. — Q.  ratio  for  Ca-t-Fe-l-Ti  :  3i=2  :  1,  nearly.  Analysis  by  Hamm.,  Arkan- 
,  8iO,  26-00,  TiO,  21-34,  FeO,  2011,  FeO  1-S7.  CaO  20-36,  Hg01-8S=99-85.  Coloi  Ua^ 
■rotim  conchoidaL    Magnet  Cove,  Aikansas )  Kaiseiatuhlgebiq^  in  Breiagao. 


HYDROUS    SILICATES. 
L  Gknebal  Sechoh.    A.  Bisqjoates. 

FBOTOLCTB. 

Afonoclinic,  isomorphouB  with  wollasttiniCe,  Greg.  Cleavage :  i-i  (orthoa.i 
rfect  Twins :  twinniug-plaue  i-i.  Usaally  in  close  aggregations  of  aci- 
ilar  crystals.     Fibrous  massive,  radiated  to  stellate. 

H.=5.  G.=2-68-2-78,  Lustre  of  the  surface  of  fracture  silky  or  sab- 
treoua.  Color  whitish  or  grayish.  Subtranslucent  to  opaque.  Tough. 
>r  Bei^n  miueral  optic-axial  plane  parallel  to  orthodiagonal,  and  very 
arly  normal  to  i-i ;  acute  bisectrix  positive,  pai-allel  to  orthodiagonal,  and 
>tUBe  bisectrix  nearly  normal  to  cleavage  plane  or  i^ ;  axial  angle  in  oil, 
rough  cleavage-plates,  liZ°-H6° ;  DesCl. 

Far.— Almost  always  oolnmnai  or  flbroos,  and  divergent,  the  fibres  often  2  or  3  inohes  langr. 
1  aomstimes^  as  In  Ayrsbire,  8ootland,  a  yard.  Besambles  in  aspect  fibrona  vaiietiBs  M 
Indite,  okenite,  thomaonite,  tremolite,  and  woUaatonite. 


S16  DBBCBIPTITE  MINEKALOOT. 

Oenp.— Q  ndo  fn  H :  Xft  :  Ck  :  Si=l  :  1  :  4  :  12,  and  for  B  :  Si  (whsre  B  indnda  C$, 
i^J.  Hi.X^  =1  :  3.  Cke  woUutonite;  hence  formnU  HNaO*iSiiO.=SiliM  54-2,  lim*  SM, 
*oiit9  3.  ncn3-7=:!0i).  U  tbe  H  doM  not  belong  with  the  bMM,  then  th«  fomuils  m^ )■ 
tRamm  '  XaiCs^SuOi- —  aq. 

PjT_  ate. — In  ibt  cioKd  tnbe  fielda  wstez.  B.  B  fnww  ftt  S  to  ft  white  <^»mt1  Odi> 
C3is»  wii's.  hjiiKx'aliidi:  acid.     Often  gitc*  oat  m  light  when  bioken  in  the  daik. 

Obk.— C^iLi  miMtlt  ia  zap  and  relAted  rocks,  in  carities  or  utma ;  oocamouJIy  In  oati- 
miirro:!:  r.vks  FjnnJ  m  Sdiilsod.  neu  Edinbntgh ;  fn  Arnhire ;  and  at  TalirBT,  eta.,  t 
$kji!:  i:  Jh.  Bulti  uil  Mb  Xonioni  in  the  Tjrol;  in  Warmland ;  at  Beigen  Hill,  N.  A; 


vV 


t'=  «*-'  *:■ .  /'.  /=  S6'  16',  0  A  1-i  =  ISl"  9' ;  <i :  J :  i  = 
C~$l^  :  ■>:^7:^  :  1.  Prism  with  very  oblique  termiiul  pluM 
2-4.  ~«  :::v«l  Avnmon  form.  Cleavage :  t-i  and  /  perfect; 
^' i=::>er&v'E.  Twins:  twinniiig-plaue  t-».  AleoculDiuittr, 
r*i  a:i:j  cr  divergent, 

IL=?5— t  1tI=2-35-2-36.  LoBtre  Titreons,  incliaiiig 
i.'  r«krl_T  ::■,».  a  u;e  fat-ea  of  cleavage.  Color  white,  paffiiiie 
It?"  ;^-.'-t  v»r  gray,  souietimea  red.  Streak  imcctloitiL 
r;*=Bca:'«ciT— {ranslaccnt ;  becooiiug  opaque  aud  ubu»11t 
-liil ."vrilir :  ^c  exjosute.  Fracture  scarcely  obeenable, 
xTifsi:.  Nv<  Ttrv  brittle.  Double  refraction  weak ;  opti& 
^Vd^  -^;i:;<f  *'*:  divergence  b'J"  '2i'  for  the  red  raye;  biieo- 
r-.\  ■;«rk:'.'p!?,  :=4iiajj"»n  angle  of  20"  to  25°  with  a  nonuil 


^t.^  i,^,.tKvi.-iK  wt.1^  a  iW  .■»■■■-*•  -"*  Ira?  or  amjirdaloid  ■  also  in  poiphTij  and  ije 
•*  ""vi-wiiu-*    ■'  -■-«"  r-i"  r>t^  ,-j,T  fc*;»  wiih  cilcite.     lt«  prinoipal  loaditi«  u» 

iL  *s.'*    j,w^».'    ,->»*■    a  ,;-«a.wid     -  B.>h«inia,  at  Eule  ;  St.  Qotbard  in  8wit» 

*   ■       V  wvd...  1         V  v''>*.7^*  I  i-».  s-rar '.''*■*'"''■    Sova  Scotia  atfonli  fine  ipediMM I 

'^■^■«T'-.    '.->».   vU-|.<-~i-«.ii.  »=4^iol.  Koyale;  alBoBargeoHiU.  N.J. 

**L'"  v'^'"  .«^  .—..■»  *  -S^  -■«  *v  l*»--i<  half  the  water  banio^Silioa  56-6,  limeSI'l. 
^    ^  , .,        ^' *    --ot.kJtI*   t^'c-iMi     ,V.-.-c "-biw,     F«i6e  Is.;  Disco,  Greenland;  Icetai 

**i*'        *  v»l„  (i  W:h.vu  voor»a.iw  al  sh*  lale  of  Skje ;  Nova  Scotia.    Fomoli 

*2^'*,^:^,S     .^,      ,i.-»m.^.i.i.«c«.      Behited  to  otenite,  bnt  oontaina  1  molaoJi 


gCnCOSSXA.    EwrflTpier,  Oervt. 

j.-(t  .fAt-VVo  or  enauiel-like  in  texture;  earthj- 
-,^    S-vw5:«w*  botryoidal. 

IS.  ".  .;>;^  v!;!**')!!*.  ehitiiiig,  earthy.  Color  moon- 
-   -«B«i~^ -r.jo  sky-blue  and  turquois-blue;  brown !« 

■i^^^  '  w?)^a  |'un>,  white.  Trauslucent — opaqiiC- 
KH^gir  tMtiVe  i  timnslueent  varieties  brittle. 


OZYOKN   OOMPOrKDe — HTDBOUB   BILICATES.  Sl^ 

Comporition  varieB  mnob  through  Imparities,  be  irith  othei  Bmorplioiis  tobetanceH, 
Din  Klt«ntion.  A*  the  ailioa  has  beau  derived  from  the  deoompoaition  of  othel 
IB  DBtnTitl  that  an  exoeu  ahonld  appear  in  miinr  BnaljBes.  True  cbrjtooollx  cot- 
1  the  Q.  ratio  foi  Cn  :  Si  :  H,  1:2:  2=CaSiOi-<-2aq  =  Silica  84-3,  uopiwr  oiide 
'20'S=100.  But  tome  analj^fiB  afford  1  i  2  :  3,  and  1  :  S  :  4.  Impure chi7M>coUa 
n,  beaidea  free  ailioa,  varioiu  other  impantiea,  the  color  Taijing  fiom  bloiah-green 
nd  black,  the  laat  especial!;  when  manganese  or  oopper  is  present. 
1 — In  tbe  cloced  tube  blaokecs  and  ;ietda  watec.  B.B.  deorepitaMa,  ^xilora  the 
ald-gnten,  bat  ia  infaaible.  With  the  Qoies  gives  the  reactiooa  foe  oopper.  With 
■anraal  a  globule  of  metallic  copper.  Decomposed  by  aoida  withoat  gelatiniaation. 
}loi  more  blnish-green  than  that  of  malachite,  and  it  does  not  etlervesoe  witli 

xompaniM  other  copper  ores,  oocarring  especially  in  the  upper  part  of  veins. 

most  ooppet  mines  in  OomivBll ;  at  lAbethen  in  Hongary ;  at  Faikenstein  and 

I  the  Tyrol ;  in  Siberia ;  the  Banuat ;  Thuringia ;  Schneebelg,  Saxony  ;  Kapfer* 

ria;  Soutfa  Aostralia  ;  Chili,  etc.    In  Somerrille  aud  Sohaylar's  mines,  New  Jeraey ; 

own.  Fa. ;  at  Cornwall,  Lebanon  Co.  ;  Sov%  Scotia,  at  Uie  Baain  of  Minea;  alM 

in  and  Michigan. 

rpiTB;  Ctahockalcite  ;  Resanitb;  near  chryaooolla. 

UTtH.— Au^yaia  (Bamm.),  SiO.  39-78,  ZrO,  40-13,  CaO  3'4S,  Na.O  7-S9,  E/>«-U 

HexagonaL    Color  yelloinsb-browii,    Lunoe,  near  Brerig,  Korwi^. 


B.  UNISILICATEa. 


OAIiAMINB.    Galmei;    Eieseliinken,  Oarm. 

hombic;   hemimorphic-hemibedral.     /'a/=104*'  18',  0Al4  = 
Daubar ;  6:t:d=  0  6124  :  1-2850  : 1.     Cleav- 
perfect ;  O,  in  traces.     Also  stalactitic,  mammil-  B34 

itrjoidal,  and   fibrous  fonns;   also  massive  and 

5-5,  the  latter  when  ciystallized.  G.=3'16-3-9. 
treoiiB,  0  Biihpearly,  sometimes  adamantine.  Color 
imetiinea  with  a  delicate  bluish  or  greenish  shade ; 
>wish  to  brown.  Streak  white.  Tmnaparcnt — 
lit     Fracture  nneven.     Brittle.     Pyroclectric. 

Q.  ratio  for  R:  Si  :H=1  :1  i^:  Zn,SiO,  +  »q=3Uica  260, 
J76,  water  7-5  =  100. 

^ — In  tlM  closed  tube  decrepitatea,  whitens,  and  givea  off 
B.  almoat  Infusible  [F.=l}))  moistened  with  oot»lt  aolntion 
m  color  wbea  heated.  On  cbarcoal  with  soda  gives  a  conting  which  is  yellow  while 
bite  on  cooling.  Moistened  with  cobalt  solotioo.  and  heated  in  O.F.,  thin  coating 
Dright  green  color.  Gelatiniies  witb  acids  even  when  previoosly  ignited.  Deoom- 
se^  ooid  with  gelatinixation.  Soinble  in  a  strong  solution  of  caustio  potash, 
•tin^aishing  charaoterB :  gelatinizing  with  acids ;  inf nsibility ;  reaotioa  for  dna 
Ltamine  and  smithsonite  are  osoally  fonad  associated  in  veins  or  beds  in  stratifled 
mcks  accompanying  blende,  ores  of  iron,  and  lead,  u  at  Alx  ]a  Cbapelle ;  Bleibeifr 
s;  Betzbanya;  SehemnitE.  At  Bonghteu  Gill  in  Cnmberland  ;  at  Alston  Moor) 
ck  in  Derbjnbiie ;  at  Castleton  ;  LeadbtUs,  Scotland. 

Tnited  States  ocoais  with  emithsonite  in  Jefferson  oonnty,  Missonri.  At  StitUns 
In  Penm^lvania,  at  the  Perkiomen  and  Pbeaixville  lead  mines}  at  Bethlehem; 
irille.    Abundant  In  Virginia,  at  Aoatdn's  mina^ 
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Orthorhorabic.  7 A  /=  99°  56',  (?  A  1-t  =  146^  11  J' ;  /5 :  J  :  J  =  0<69M 
:  1*19035  : 1.  Cleavage :  basal,  distinct.  Tabular  crystals  often  united  by 
O,  making  broken  forms,  often  barrel-shaped.  ITsuauy  reniform,  globnlir, 
and  stalactitic  with  a  crystalline  8ni*face.  Stractnre  imperfectly  colnmiiar 
or  lamellar,  strongly  coherent ;  also  compact  granular  or  impalpable. 

H.=6-6*5.  G.=2-8~2-953.  Lustre  vitreous;  O  weak  pearly.  Color 
light  green,  oil-green,  passing  into  white  and  gray  ;  often  fading  on  eipo> 
sure.  Subtransparent — translucent ;  streak  nncolored.  Fracture  nneten. 
Somewhat  brittle. 


Oomp. — Q.  ratio  f or  B  :  ft  :  Si :  H=3  :  8  :  0  : 1,  whence,  if  the  water  is  basiot,  for' 
and  BiUoon,  1:1;  formala  HsOatT^SiaOi)  or  Ca,MSiaOii+aq= Silica  48-6,  alnmiiia  M^ 
lime  271,  water  4-4=100. 

Pyr^  etc. — In  the  doeed  tnbe  yields  water.  B.  B.  fnses  at  2  with  intomeeoenoe  to  aMAgf 
enamel-like  glass.  Decomposed  by  hydrochloric  acid  without  gelatinizing.  VmifMiU^  liHA 
often  contains  dnst  or  vegetable  matter,  blackens  and  emits  a  burnt  odor. 

DifE. — B.  B.  fuses  readily,  unlike  beryl  and  chalcedony.  Its  hardness  is  greater  than  thtlfll 
the  zeoUtes. 

Obs. — Occurs  in  granite,  g^neiss,  syenite,  dioryte,  and  trappean  rocks  espedaUy  the  Itft 
At  Bourg  d'Oisans  in  Isdre ;  in  the  Fassathal,  Tyrol ;  Ala  in  Piedmont ;  JoachLmsthil  m 
Bohemia  ;  near  Andreasberg ;  Arendal,  Norway ;  JBdelfors  in  Sweden ;  in  DiunbartODBhire; 
in  Renfrewshire. 

In  the  United  States,  in  Connecticut ;  Bergen  Hill,  N.  J. ;  on  north  shore  of  Lake  Sapenor; 
in  large  veins  in  tbe  Lake  Superior  copper  region. 

GHLORASTKOiiFrB  and  ZoNOCHLORiTB  from  Lake  Superior  are  mixtores,  as  shown  bj 
Hawes. 

ViLLARSTTB. — Probably  an  altered  chzysolite.  Formula  BtSiO*  +i«q  (or  Hq)  R=]fg :  Ft 
=11  :  1.     Traversella. 

Ceritb,  Sweden,  and  Tritomitb,  Norway,  contain  cerium,  lanthanum,  and  didymiaiOi 
Thorite  and  Orangitb  contain  thorium.     Norway. 

Parathoritk. — In  minute  orthorhombic  crystals,  imbedded  in  danburite  atDanbar?,Ci 
Chemical  nature  unknown. 

Ptrosmalite.— Analysis  by  Ludwig,  SiOt  34*66,  FeO  27*05,  MnO  25*60,  CaO  O'SS,  KgO 
0-93,  HaO  8-31,  CI  4-88=101*85.  In  hexagonal  tables.  Color  blaokiah-green.  Nya-Koppti* 
beig,  etc.,  Sweden. 


Tetragonal.     0  A  1-t  =  128°  38';  c  =  1-2515. 
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Crystals  sometimes  nearly 
cylindrical  or  barrel- 
shaped.  Twins:  twin- 
ning-plane  the  octahe- 
dron 1.  Cleavage:  0 
highly  perfect;  /  kei 
so.  Also  massive  and 
lamellar. 

H.=4-5-6.  G.=»^ 
2-4.  Lustre  of  {>  pearlj; 
of  the  other  faces  vitw* 
ous.  Color  white,  or 
gravish ;  occasionallv 
with  a  greenish,  yellow- 
ish,  or  rose-red  tint,  flesk 


red.    Streak  uncolored.    Transparent ;  rarely  opaque.    Brittle. 


OXYGEN  00MP0FND8 — ^HTDBOUS  SILICATES.  819 

I. — Q  ratio  for  B  :  Si :  H  nsnallj  taken  as  1  :  4  :  3,  part  of  the  oxygen  replaced  by 

(Fs).    Acoordlng  to  Rammelsbeig  the  ratio  is  0  :  82  :  16  ;  he  writes  the  formiila 

,i,0«-f-aq)-t-KF.     This  requires:  SiUoa  62-97,  lime  24-72,  potash  5  20,  water  1590, 

2*10=100*89.     It  may  be  taken  as  a  unisilicate  if  part  of  the  silica  is  considered 

•to. — In  the  closed  tnbe  exfoliates,  whitecs,  and  3rields  water,  which  reacts  acid.     In 

L  tabe,  when  fused  with  salt  of  phosphorus,  gives  a  fluorine  reaction.     B.  B.  exfoliates, 

le  flame  violet  (potash),  and  fuses  to  a  white  vesicular  enamel.     F.  =1  '5.     Decern- 

r  hydrochloric  add,  with  separation  of  slimy  silica. 

-IHstingnishing  ohazacters :  its  ooonirenoe  in  square  prisms ;  its  perfect  basal  cleav- 

.  pearly  lustre  on  the  base. 

-Oocurs  commonly  in  amygdaloid  and  related  rocks,  with  various  zeolites  ;  also  occa- 

in  cavities  in  granite,  gneiss,  etc.     Greenland,  Iceland,  the  Faroe  Islands,  Andreas- 

Kmah  and  Ahmednuggar  in  Hindostan,  afford  fine  specimens^     In  America,  found  in 

cytia ;  Bergen  Hill,  N.  J.;  the  Cliff  mine,  Lake  Superior  region. 

CX>MORPHiTB  («.  Bath)^  from  limestone  inclosures  in  the  lava  of  Niedermendig. 

laL     Essentially  an  hydrous  calcium  silicate. 

ITONITB.— Analysis  by  Heddle,  SiO,  36 -9»,  AlO.  22*63,  BaO  26*84,  CaO  tr,  Na,0  tr., 

46=98-91.    Tetragonal.     Dumbarton,  Scotland. 

iHDiTB.— Analy^  Marignao,  SiO,  35*38,  ^yOi  27*23,  Ca018'12,  K,02'85,  H,O21*10 

L     Capo  di  Bove,  near  Bome  ;  Baumgarten,  near  Giessen,  eta 

lOLTTB. — ^In  radiated  tufts  in  the  tin  mines  of  Sohlaokenwald ;  Wippra  in  the  Han. 

ortly  in  sesqnioxide  state  (:!il,Mn,Fe). 


SUBSILICATES. 


AUiOPHAMB. 


najhons.  In  incmstations,  usually  thin,  with  a  mammillary  surface, 
alitelike  ;  sometimes  stalactitic.  Occasionally  almost  pulverulent 
:8.  G.=l'85-1'89.  Lustre  vitreous  to  subresinous ;  bright  and 
nternally.  Color  pale  sky-blue,  sometimes  ffreenish  to  deep  green, 
,  yellow,  or  colorless.  Streak  uncolored.  Translucent  Fracture 
:ectly  conchoidal  and  shining,  to  earthy.    Very  brittle. 


ratio  for  Al :  Si  :  H,  most]7=:8  :  2  :  6  (or  5) ;  AISiOt+6aq,  or  AlSiOt+5aq=r 
l-TS,  alumina  40*62,  water  35*03=100.  I^umbaiiophanet  from  Sardinia,  containa  » 
d. 

:Aadng  matter  of  the  blue  variety  is  due  to  traces  of  ohxysoooUa,  the  green  to  mal»- 
id  that  of  the  yellowish  and  brown  to  iron. 

•to. — ^Yields  much  water  in  the  closed  tube.    B.B.  crumbles,  bat  is  infusible.    GivM 
ilor  with  oobalt  solution.     Gelatinizes  with  hjrdroohloric  add. 

-Allophane  is  regarded  as  a  result  of  the  decomposition  of  some  aluminous  silicate 
r,  etc.)  'j  and  it  often  occurs  incrusting  fissures  or  cavities  in  mines,  especiaUy  those 
r  and  limonite,  and  even  in  beds  of  coal  Found  at  Schneeberg  in  Saxony  ;  at  Gers* 
t  Hm  Obesqr  copper  mine,  near  Lyons;  near  Woolwich,  in  Kent,  England.  In  Uie 
oooaxB  at  Biohmond,  Mass. ;  at  the  Friedensville  zinc  mines.  Pa. ,  etc. 
nUTR. — ^A  hydroufl  silicate  of  aluminum.  Clay-like  in  structure,  white.  HovOi 
;  Sdhemniti. 

(WSAXB,  from  Silesia,  and  Uranotilb  ,  from  WSaendorf ,  Bairsria,  are  silicates  ooa 
mniniB. 
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Orthorhombic. 


II.  Zeolite  Sbottok. 

^^OMSONITB.    Gomptoni-te. 

/A/=90°40';  0M-1  =  1W9';  i:i:d=0'Tmi 
1*0117  : 1.  Cleavage:  i-i  easily  obtained  ;  i-i  lees  so; 
O  in  traces.  Twins:  cruciform,  having  the  vertical 
axis  in  common.  Also  columnar,  stmctare  radiated; 
in  radiated  spherical  concretions ;  also  amorphous  and 
compact. 

Il.=5-5-5.  G.=2-3-2-4.  Vitreous,  raore  or  len 
pearly.  Snow-white ;  impure  varieties  brown.  Streak 
uncoloixMi.  Transparent — translucent  Fracture  nnefeo. 
Brittle.  Pyroelectric.  Double  refraction  weak ;  optie- 
axial  plane  parallel  to  O;  bisectrix  positive,  nomud 
to  i-t ;  divergence  82^-82^°  for  red  rays,  from  Dumbarton ;  DesCL 

Var. — Ordinary,  (a)  In  regular  crystals,  nsoally  more  or  less  rectangular  in  oatline.  (^ 
In  slender  prisms,  often  vesicular  to  radiated,  {c)  Badiated  fibrous,  (d)  Spherical  coQcn- 
tions,  couKisting  of  radiated  fibres  or  slender  crystals,  (a)  Massive,  granolar  to  impalptbk, 
and  white  to  radish-brown.     Ozarkite  is  mausive  thomsonite ;  rcmiU  (Norway)  is  related. 

Oomp Q.  ratio  for  R(=Ca,Na,)  :  R(A1)  :  Si  :  H=1  :  8  :  4  :  2f ,  Ca  :  Na,=2  : 1,  or  S :  I ; 

formula  2(Ca,Naa)^lSi20t,+5aq.  Analysis,  Bammelsberg,  Dumbarton,  SiOt  38*09,  iidOi 
81-62,  CaO  12-60,  Na,0  4-62,  HaO  18-40=100-20. 

Pyr.,  etc. — At  a  red  heat  loses  18*3  p.  c.  of  water,  and  the  mineral  becomes  foaed to i 
white  enamel.  B.B.  fuses  with  intumescence  at  2  to  a  white  enameL  Gelatiniset  witk 
hydrochloric  acid. 

Obs. — Found  in  cavities  in  lava  and  other  igneous  rocks  ;  and  also  in  some  metamoiplue 
rocks,  with  elasolite.  Occurs  near  Kilpatrick,  Scotland  ;  in  the  lavas  of  %oviiT[itk{eainplomiiit)\ 
in  Bohemia ;  in  Sicily  ;  in  Faroe  ;  the  Tyrol,  at  Theiss ;  at  Monconi,  Fassathal ;  at  Peter'i 
Point,  Nova  Scotia ;  at  Magnet  Cove,  Arkansas  {oearkiU), 


/ 

Orthorhombic. 


NATROIJTB.    MesoiTpe.    Nadelzeolith,  Oerm, 

1^1=91%  (9Al-i  =  144°  23';  c  :  2  :  d^  =  0-35825: 
1*0176  :  1.  Crystals  usually  slender,  often  acicular ;  fre- 
quently interlacing  ;  divergent,  or  stellate.  Also  fibroM, 
radiating,  massive,  granular,  or  compact. 

H.=5-5-5.  G.=2-17-2-25 ;  2249,  Bergen  Hill, 
Brush.  Lustre  vitreous,  sometimes  inclining  to  pearly, 
especially  in  fibrous  varieties.  Color  white,  or  colorless; 
also  grayish,  yellowish,  reddish  to  red.  Streak  uucctlored* 
Transparent — translucent.  Double  refraction  weak ;  op- 
tic-axial plane  i-i;  bisectrix  positive,  parallel  to  edge 
///;  axial  divergence  94°-96  ,  red  rays,  for  AnveigD^ 
crystals;  95°  12'  for  brevicite;  DesCl. 


Oomp.— Q.  ratio  for  R  :  B  :  Si :  H=l  :  8  :  6  :  2;  and  for  B  :  8i^ 
2  :  3(R=Na,,8R=il) ;  formula  Na«AlSisOio+2aq=SiUoa  47*29,  alumina  26*96^  a^  ItH^ 
water  9  45  =  100. 

Pyr.,  etc. — In  the  closed  tube  loses  water,  whitens  and  becomes  opaque.  B.B.  tuamqiMl 
at  2  to  a  colorless  glaas.  Fuaible  in  the  iame  of  an  ordinaiy  stearine  or  wax  ^*v>i11it,  CMi 
tiriizes  with  acids. 
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[Hne  Tmrieties  Ttsemble  peotoUte,  thonuonite,  bat  distiiigiiiahed  B.B. 
ccnn  in  cavities  In  unTgdaloid&I  trap,  bwilt,  &iu!  other  igaeoaa  rocks ;  and  •ome- 
ftiQB  in  graniM,  gpw'f ,  uid  syenite.     It  ii  f onnd  in  Bobemia ;  in  Auvsrrne ;  Fmm- 
I ;  Kapnih  ;  at  Qlem  Farg  in  Fifeehire ;  in  DambartonBUm.     In  HaiOi  Ameiloa, 
he  bap  of  ffora  Sootia ;  at  Bergen  Hill,  If.  J.  ;  at  Copper  Palla,  Lake  Saperior. 


SOOUlOmi.    Foonahlito. 

sliiiic.     £7=  89"  6', /A  7=91°  36',  C>  A 1  i  =  161"  16i' ;  i 
5  : 1-0282  :  1.     Crjetals  lone  or  abort  priamB,  nr 
rarely  well  terminated,  and  always  compound  MI 

twinning-plane  i-t.     Cleavage :  /  nearly  perfect        ^,^-'fJL^^ 
Dodiilee  or  massive;  tibrons  and  radiated  --•''-^ 

-55.  G.  =  216-2'4.  Lustre  vitreous  or  silky 
broiie.  Ti-ansparent  to  subtranslnceiit  Fvr  >- 
the  free  end  of  the  crystals  tiio  antilogne  pole 
refraction  weak  ;  optic-axial  plane  normal  to  z  i 
ice  53°  41',  for  tlie  red  rays;  bisectrix  negatne 
to  t-i ;  plane  of  the  axis  of  the  red  rays  and  their 
;  inclined  about  17°  8'  to  i-i,  and  93°  3  to  1  i 


). 

«.— B.B.  tometimcB  cnrli  op  like  a  worm  (whenoe  the  name  from  axiKiil,  a  wonn, 
M  leeleeits,  and  not  leolttitt  or  teoliails) ;  other  rarietiea  intumeBce  bnt  eliifhtlj,  and 
2^2-8  to  a  white  blcbby  enameL     (Gelatinizes  with  acids  Lke  natrolite. 
•haiactoriied  1>7  its  p7rogTioatica. 

>ccnra  in  the  Bemfiord,  Iceland;  alee  at  Staifa -,  in  Sk;e,  at  Talisker ;  uearPooaah, 
.  (PixmaAUte) :  in  Oreenland  ;  at  Parftas,  Finland,  eUx 

TB.— (CB,NaOAlSi,0„+3aq(Sp.  Q.  Nb,0).  Near sooleoite.  Iceland ;  Nova Bootia. 
TB.— KhombohedriL  Q.  ratio  for  R  :  fi  :  Si :  H=l  ;  8  :  B  :  4.  Analjsii,  Damonr, 
40,  45-76,  AlO,  23'9S,  CaO  1007,  Na,0  I'SS,  K,0  104,  H,0  17-8!i=  100-2S.  Im- 
^;  Iceland. 


AMAZiOITB. 

!tric(1).    Usually  in    tntpezohedrone  (f.  64,  p.  18).    Cleavage; 
1  trao«B.     Also  massive  granular. 

i-5-6.     G.— 2-23-2-29 ;  2-278,  Thomson.     Lustre  vitreous.     Color- 
iite ;   occasionally  grayish,  greenisli,  yellowish,  or  reddish-white, 
white.      Transparent — near^   opaque.      Fracture   subconchoidal, 
Bi-ittle. 

-Q.  ntio  for  R  :  ft  :  Si  :  H=1  :  8  :  8  :  2,  R=Na„  fi=:^t=8B;  R  :  Si  =  l  :  S.  Foe 

Ul:U,0„^2aq  =  Silica  54-47.  alumina  33-38,  toda  1407,  water  tl'17=tOO. 

lo. — Tielda  water  in  the  otoied  tube.     B.B.  fuses  at  2-6  to  a  ooloileas  glass.     Qelati- 

i  hjdToohlorio  aoid. 

Jigtingnliihlng  obaracteiB  :  orTstalline  form  ;  absence  of  oleavage  ;  fasion  B.  B.  leith- 

esoence  to  a  clear  glass  (unlike  ohabaiite). 

kmo  looalitiea  are:  the  Tyrol;  the  KilpatriokHiUsiD  Scotland;  the  Far6e  Islands ; 

Ansalf,   Bohemia;  Nova  Sootia;   Beis«n  HiU,  New  Jenef ;   the  Lake  Supotitu 


S3S  DKSOBIPnVB   XnrXBALOOT. 

FAnjAaiTB. — An  ootahednl  wollte  from  the  EBlBentoUgsbiiM.  Analnk,  Damonr,  WIOi 
4e-ia,  AlO.  16-61.  CoO  4-79,  Na,0  6-09.  H,0  2T-02=90'63. 

EODHOi'iHTR.    Hear  uialcite.     In  Bjanite  new  Bievig,  Nomj. 

Ptlinitb. —In  slender  needleB  (oitborhombio) ;  wUte;  Initieml^.     AnalTBu  SlOi  SS'TO, 

*IO.(FeO.)  18-94,  CiO  19.01,  Li.O  (118),  H.O  4117=100.    In  gnulte  of  8"  '  

iLaiavIie) 


Rhombohedral.  J2  A  J?  =  94"  40',  OaS  =  129°  15' ;  c  =  1-06.  Twia: 
twinning-plane  0,  very  common,  and  oBiiallv  in  compound  twins,  ai  io 
f.  644  ;  amo  JS,  rare.    Cleavage  rhombohedral,  rather  d!iBtinct. 


Hv^enite. 


H.=4-5.  G.=2'08-2-19.  LuBtre  vitreonfl.  Color  white,  fleah-red; 
Btreak  micolored.  Transparent— translucent.  Fractnre  nneven.  Brittle. 
Double  refraction  weak ;  in  polarized  light,  imas^es  rather  confused ;  sm 
in  some  crystals  (Bohemia)  negative,  in  otliere  (from  Andreaaberg)  pou- 
tive  ;  Dead. 

Var.— 1.  On^nary.  The  most  commoD  (onn  b  the  fimclanieiiUl  rbombohedron,  in  iriiick 
the  angle  is  so  neat  90°  that  the  ccyatals  Were  at  Snt  mistaken  for  CDbee.  AeadiatiU,  (nw 
Nova  Scotia  (Aaidi/i  of  the  French  of  last  centnrj),  is  only  a  leddinh  chnbaiite ;  wmctiWi 
Deorl;  cotorloEfl.  In  Bome  Bpecimens  the  ooloiinf;  matter  is  arMngsd  in  a  tenelated  UMiM 
or  in  layers,  with  the  angles  almost  colorless.  3.  Phaedliti  ia  a  colorless  variety  oocnndiifiB 
twins  of  mostly  a  hexagonal  form,  and  often  mach  modiQed  M  as  to  be  lendcnlai  in  Ml* 
(whence  the  name,  from  omirit,  a  bean) ;  the  oiiginal  was  from  Leipa  in  Bohemiai  A'' 
=04°  34',  fr.  ObersCetn,  Brettli. 

Comp.— Making  part  of  the  water  basic  (at  800°  C.  loses  17-10  p.  o.)  Bammelsbeis  wiiW 
the  formula  {H,Kj,CaA:lSi,0,>+6aq,  where  the  Q.  ratio  for  B  :  R  :  Si=2  :  3  ;  10,  B=Hi,Kii. 
Ca:  or  (ilR  =  f{),  B  :  Si  =  l  :  2.  The  formula  conesponds  to  Silica  SO'60,  alumina  17'2t,lia* 
843,  potashn-08,  water  20-83  =  100. 

Pjrr.,  etc — B.B.  iatumescea  and  fosea  to  a  blebby  glaaa,  nearly  tqiaqiie.  DeoonpoMdV 
hydrochloric  acid,  with  separation  of  slimy  silica. 

Diff. — Its  rhomhohedral  form,  resembling  a  cnbe,  is  charaoteristio  ;  is  huder,  and  doMf' 
efTerreace  with  acida  like  calcite ;  ia  unlike  fluorite  in  cleavage ;  fuaes  B.B.  with  taXna^ 
cence  to  a  blebby  glass,  unlike  analcite. 

Obs.— Chabaiit«  occurs  mostly  in  trap,  basalt,  or  amygdaloid,  and  oonaaionally  ia  gnaiK 
syenite,  mica  schist,  homblendic  schist.  At  the  Faroe  Uanda,  Qrfenland,  and  loelasd  ;  '^ 
AusBJg  in  Bohemia  ;  Striegau,  Silesis.  In  Nova  Bcotta,  wine-yellow  or  flesh-red  (the  last  A> 
atadialilt),  etc;  at  Bergen  UIU,  N.  J.j  at  Jones's  Falls,  near  Baltimore  {liaj/denite). 

SBBDACiiiTb:  {Bauer,  from  Bicbmond,  Victoria,  ia,  aooording  to  v.  Bath,  identical  vlA 
phiteoUle  ;  and  he  snggeats  the  same  may  be  tme  of  HKnacBKLm,  from  Aoi  CattoUOi  SicdF 
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OBCBXJMTTB. 
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C.  Blomidon,  etc 


646 


ibohedral.      IiAB  =  lW26\    6> Ai?  =  (9A-1  =140^  3';   <J  = 

Crystals  usually 

lal  in  aspect ;  some- 

&bit  rhombohedral ; 
horizontally  stri- 

/leavage:  i  perfect. 

jd  only  in  crystals, 

^er  as  twins. 

it'5.  G.=2-04-2-17. 

ritreous.    Colorless, 

ih-white,  greenish- 

eddisb-wliite  iiesb- 

ranspareut  to  trans- 
Brittle. 


C.  BlomidoxL 


-Q.  ratio forR  :  ft  :  Si :  H=l  :  8  :  8  :  6,  E=Ca(Na„K»),  ft=Al.  Formnla  (Ca,Nat) 

h6aq.     AnalysiB  by  Howe,  Bergen  HiU,  SiO,  48-67,  AID.  18-72,  FeO.  010,  OaO 

O  914,  H,0  21  •35=100-58  (Am.  J.  Sci,  III.,  xil,  270,  1876). 

to. — In  the  closed  tube  crambles,  gives  off  much  water.    B.  B.  fuses  easily  to  a  whiie 

Decomposed  by  hydrochloric  acid  with  g^elatinization. 

Dlosely  resembles  some  chabazite,  but  differs  decidedly  in  angle. 

>ocar8  at  Andreasberg;  in  Translyyania ;  in  Antrim,  Ireland ;  near  Lame ;  at  Talisiker 

at  Gape  Blomidon  and  other  localities  in  Nova  Scotia  {led&reriie) ;  in  fine  crystala  of 

tnt  at  the  Bergen  Hill  tunnel  of  1876. 
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PHTTiTiTPSim. 

rhombic.    /A /=  91^  12' ;  1  A 1  =  121°  20',  120°  44',  and  88°  40', 

ic.     Faces  1  and  i-i  striated  parallel  to 

;e  between  them.  Simple  crystals  un- 
commonly in  cruciform  crystals,  consist- 
two  crossing  crystals,  each   a  twinned 

f.  647).  Crystals  either  isolated,  or 
in  tufts  or  spheres  that   are  radiated 

.nd  bristled  witn  angles  at  surface. 

l-4'5.       G.=2-201.       Lustre    vitreous. 

irhite,  sometimes  reddish.  Streak  un- 
Translncent — opaque. 

-Q.  ratio  for  R  :  B  :  Si  :  H=:l  :  8  :  8  :  4,  R=Ga 
^) ;  Ga  :  K9=3  :  1,  2  :  3,  eta  Formnla  RMSi40it 
Lnalysis  by  Ettling,  Nidda.  Hessen,  SiOa  48  13, 
1,  CaO  8-21,  KaO  520,  Na,0  0*70,  HaO  1678= 

e. — ^B.B.  cmmbles  and  fnses  at  3  to  a  white  enameL 
I  with  hydrochloric  acid, 
letembles  harmotome,  but  distinguished  B.B. 
t  the  Giant*s  Causeway,  Ireland ;  at  Capo  di  Bove, 
e ;  in  Sicily ;  Annerode,  near  Giessen ;  in  Silesia ; 
on  the  west  coast  of  Iceland. 
Jahrb.  Min.,  1876,  585)  shows  that  the  forms  are 
isdogons  to  those  of  hazmotome,  and  suggests  that 
■lio  moQOolinio. 


C.  di  Bore. 


DESOBIPITVE   HDI£KAIX>aT. 


Monoclinic  (DcaCloizeam).    Cleavage:  /,  (?, easy.    Simple oryBtaUtra- 
known.     Oucnmog  in  peuetn- 
643  .         649  tioQ-twina.     Unknown  mufiiit; 

H.  =4-5.  Q.=i44r-S-46. 
Lustre  vitreous.  Oolor  whil«; 
passing  iuto  gray,  yellow,  red, 
or  brown.  Streak  white.  Sa\^ 
transparent — translucent.  Ti» 
ture  uneven,  imperfectly  orai- 
choidal.     Brittle. 

Ooinp.— Q.  ratio  for  B;S;81:K 
=  1:3:10:0;  hera  B=Ba  moi^r. 
alBoK, ;  S=A\.  Fonnnl*  B:U8i(0„ 
+.'iaq.  If  one -fifth  of  the  witu  b 
ohemicnllr  oombined  (RammelsbeTK),  tben  the  formnla  coneHponds  to  H:E.-t]Si|0,i+4iq. 
Both  formnlaa  give  Silica  4501,  alDmina  1970,  barjta  201)6,  potash  .1-34,  wntet  14'VB=10e. 
PyTi.,  ate — B.B.  wbiteoa,  then  cnimblea  and  fuses  at  3'5  without  iiitiiineac«aoe  toawUia 
tnuiBluceiit  gtasa.  Same  TaiietieB  phoaphoreace  when  heated.  Dwompoaed  bj  hjdndikdd 
acid  without  gelatiniziii^. 

JXB. — Chftrocterized  bj  its  orTstalluatioD  in  twins;  the  preaence  of  barium  eepaialtitt 
ttotn  other  itpocieB. 

Obi. — Harmotome  oocun  in  amypialoid.  phonol;te,  tmdiyte;  abo  on  gnein,  and  fa  mm 
metalliferous  veins.  At  Strontiau  in  Scotliuid  ;  at  Andreasbers  1  at  Rndelsladt  in  Siltat; 
Schiffenberg.  near  Gieaaen,  etc. ;  Obeistein  ;  in  the  gneiss  of  upper  New  Yoilc  Citjr. 

DesUloizeuni,  who  has  shown  the  monoclinic  character  of  the  spedea  by  optioJ  weaM,  lui 
adopted  a  different  position  for  the  orTstols  (1  =/,  eto.).  ' 


Strontian. 


Andieasbeig. 


^ 


BTIIiBi'i'll.    Desmine, 

/A  7  =  94°  id',  1 A 1,  front,  =  119°  16',  side,  114"  0'. 
Cleavage :  i-i  perfect,  i-i  less  so.  Fi)rm8  as  iu  t.  650; 
more  common  with  the  prism  flattened  parallel  to  U 
or  the  cleavfttre-fttce,  and  pointed  at  the  extremitift 
Twins:  cnieiform,  twinning-plaiie.  1-i,  rare.  Common 
in eheaf-hke aggregations ;  Bivei^ntor radiated;  Bonw: 
times  globular  ana  thin  lamellar-columnar. 

tl.=3  5-4.  G.=2094-i-205.  Lustre  of  i-Ipearlvi 
of  other  faues  viti-eous.  Color  white ;  occasionally 
yellow,  brown,  or  rod,  to  brick-red.  Streak  uncolore<7 
Transparent — translucent.     Fracture  uneven.     BritUe. 

Var. — 1.  Ordinary.  Either  (a)  in  oiyetala,  flsttenad  and  pead^ 
parallel  to  the  plane  of  cleavage,  or  sheaf -like.  oT  divergent  gronpaj 
or  ;£'  in  radiated  ctars  or  hemispheres,  with  the  radiating  individnalM 
showing  a  pearl?  cleavage  surface-  Sphan/tliibitu,  Bend,  iainBpfa«naa 
radiated  within  with  a  pearly  fractoie.  rather  soft  eitunally. 
Comp,—Q.  radio  for  B  i  R  ;  Si  :  H^l  :  3  :  12  :  6  ;  R=Ctt(Na»).H=Al.  Formula  BAISUO,* 
Ooq.  It  two  parts  of  water  are  basic  (Ratnm.)  the  ratio  becomes  (B=Ca,H,,Ma,)  8  :  8  :  19 
4.  or  B  :  Si  =  l  :  2.  and  the  formula  iii  H,RAISi.0i.+4aq-  AnalysiB,  Petersen,  BeiMer  Alp, 
iO..  ririOU  AlO.m  113.  Cn0  7-33.Na,0  2-01,  K,0  0'47,  H,0  18-lD  =  »n-23. 
Fyr.,  etc.— B.B.  eKfoliates,  swells  np,  owes  into  fan-like  or  vermionlar  forms,  asd  fpM* 
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to  a  wliite  enamel.  P. =1^2*5.  Decomposed  by  hydrochloric  acid,  without  gelatinizing.  The 
wpharagUXbiU  gelatinizes,  bat  Heddle  says  this  is  owing  to  a  mixture  of  mesoUte  with  the  stil- 
bite. 

Di£ — Prominent  characters:  occurrence  in  sheaf -like  forms,  and  in  the  rectangolar 
feabalar  crystals ;  lustre  on  cleayage-face  pearly  ;  does  not  gelatinize  with  acids. 

Obs. — Stilbite  occurs  mostly  in  cavities  in  amygdaloidL  It  is  also  found  in  some  metal- 
liferous veins,  and  in  granite  and  gneiss.  The  Faroe  Islands,  Iceland,  and  the  Isle  of  Skye  ; 
bi  Dumbartonshire,  Scotland;  at  Andreasberg ;  Arendal  in  Norway;  in  the  Vendayah  Mts., 
Hindostan ;  near  Pahlun  in  Sweden.  In  North  America,  at  Bergen  Hill,  New  Jersey  ;  at  the 
Ifidhipiooten  Islands,  Lake  Superior ;  Nova  Scotia,  etc. 

The  name  atUbiU  is  from  oTik^jj^  lustre;  and  (feitnUne  from  f^fafiv<,  d  bundle.  The  species 
■tilbite,  as  adopted  by  HaCLy,  included  Strahlzeolith  Wem.  (radiated  zeolite,  or  the  above), 
end  BlAtterzeolith  Wem,  (foliated  zeolite,  or  the  species  heulaudite  beyond).  The  former  wa» 
llie  typical  part  of  the  species,  and  is  the  first  mentioned  in  the  description  ;  and  the  lattei 
he  added  to  the  species,  as  he  observes,  with  much  hesitation.  In  1817,  Breithaupt  separated 
the  two  zeolites,  and  called  the  former  desmine  and  the  latter  emedite,  thus  throwing  aside 
entirely,  contrary  to  rule  and  propriety,  Haiiy*8  name  stilbite^  which  should  have  been  accepted 
hj  him  in  place  of  desmine,  it  being  the  typical  part  of  his  species  In  1822,  Brooke  (ap- 
nazently  unaware  of  what  Breithaupt  had  done)  used  stiUnte  for  the  first,  and  named  the  other 
mmkmdite.  In  this  he  has  been  followed  by  the  French  and  English  mineralogists,  while  the 
Germans  have  unfortunately  followed  Breithaup't. 

Epistilbitb  (i2m««Y«).— Composition  like  heulandite,  but  form  orthorhombic.  Iceland ; 
P^xoe ;  Poonah,  India,  eta  ;  Beigen  Hill,  N.  J. 

FoRBSTTE. — Resembles  stilbite  in  form.  Q.  ratio  for  B  :  R  :  Si  :  H— 1  :  6  :  12  :  6.  Formula 
B;AltSi«Oi9+6aq.  (B=Na9  :  Ca=l  :  3).  Occurs  in  crystalline  crusts  on  tourmaline,  in  cavities 
fai  granite.     Island  of  Elba. 


HIini.ANDITE.    StUbit,  Oerm. 


MonocHnic.  C  =  88°  35',  /A  /=  136°  4',  6>  A 14  =  156°  45' ;  c  :  J  :  d  = 
l-0§5  :  2*4785  :  1.      Cleavage  :   clinodiagonal  {iA)  emi- 
nent.    Also  in  globular  fonns ;  also  granular.  651 

H.=3'5-4.  Q'.=2'2.  Lustre  of  i-i  strong  pearlj^ ;  of 
other  faces  vitreous.  Color  various  shades  of  white, 
passing  into  red,  gray,  and  brown.  Streak  white. 
Transparent — subtranslucent.  Fracture  subconchoidal, 
uneven.     Brittle.     Doable  refraction  weak ;  optic-axial 

Elane  normal  to  iA, ;  bisectrix  positive,  parallel  to  the 
orlzontal  diagonal  c»f  the  base ;  DesCl. 

Oomp Q.  ratio  for  R  :  B  :  Si :  H=l  :  8  :  12  :  5 ;    R=Ga(Na,). 

Foirma]aOa^lSiaOi«+5aq,  or  if  2H,0  be  basic  (Ramm.)  then  the 
ratio  becomes  1:1:4  (R=Ca  and  Hs),  and  the  formula  H4CarVlSit 
Oia+8aq.  Both  require  SUica  59*06,  alumina  16*83,  lime  7*88,  soda 
1-46,  water  14-77=100. 

Pyr.— B.B.  same  as  with  BtUbite. 

XnS. — ^Distinguished  by  its  crystaUine  form.     Pearly  lustre  of  ^i  a  prominent  character. 

Obs. — Heulandite  occurs  principally  in  amygdaloidal  rocks.  Also  in  gneiss,  and  occasionally 
in  metalliferous  yeins.  Occurs  in  Iceland ;  the  Farde  Islands ;  the  Vendayah  Mountains, 
Hindostan.  Also  in  the  Kilpatrick  Hills,  near  Glasgow;  in  the  Fassa  Valley,  Tyrol;  An- 
dreasberg ;  Nova  Scotia,  etc. ;  at  Bergen  Hill,  New  Jersey ;  on  north  shore  of  Lake  Superior ; 
at  Joneses  Falls,  near  Baltimore  (Leyy^s  beaumontite). 

Foot  the  relation  of  the  synonymes  see  stilbit,  above. 

Brewstebite. — Q.  ratio  same  as  for  heulandite,  but  R  is  here  Ba  or  Sr  (Ga).  Formula 
vequires  SiOa  53*5,  AlOi  15*3,  BaO  7*6,  SrO  10  2,  HsO  13*4=100.  Monodinio.  Strontian  is 
A:^leshire,  eta 
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lU.    Mabqabofhtllite    SsonoK. 

BiSILICATES. 

The  MargarophylliteB  are  often  foliated  like  the  micas,  and  the  nama 
alludes  to  the  pearly  folia.  Massive  varieties  are,  however,  the  moist  com- 
iiioi)  with  a  large  part  of  the  species,  and  they  often  have  the  compNACtnefli 
of  clay  or  wax.  Talc,  pyrophyllite,  serpentine,  are  examples  of  species  pre- 
senting both  extremes  ox  structure ;  wnile  pinite  occurs,  as  thus  lar  known, 
only  in  the  compact  condition.  The  true  Margarophyllites  are  below  5  in 
har(lness;  greasy  to  the  feel,  at  least  when  finefy  powdered. 

TALO. 

Orthorhombic.     I A I  =  120°.    Occurs  rarely  in  hexagonal  prisms  tod   ' 

1)iates.     Cleavage :  basal,  eminent.     Foliated  massive,  sometimes  in  globa- 
ar  and  stellated  groups ;  also  granular  massive,  coarse  or  fine ;  also  com- 
pact or  cryptocrystalline. 

II.=1~1*5.  G.=2'565-2-8.  Lustre  pearly.  Color  apple-green  towhite, 
or  silvery-white ;  also  greenish-gray  and  dark  green ;  sometimes  bright 
green  perpendicular  to  cleavage  surface,  and  brown  and  less  translucent  at 
right  angles  to  this  direction ;  brownish  to  blackish-green  and  reddish  when 
impure.  Streak  usually  white;  of  dark  green  varieties,  lighter  than  the 
color.  Subtransparent — subtranslucent,  oectile.  Thin  laminae  flexible, 
but  not  elastic,  reel  greasy.  Optic-axial  plane  i-i;  bisectrix  negative, nor- 
mal to  the  base ;  DesCl. 

Var. — Foliated^  Tale.  Consists  of  folia,  usuaUy  easily  separated,  having  a  greasy  feel,  and 
presenting  ordinarily  light  green,  greenish- white,  and  white  colors.  6.  =2 '55-2 '78.  (a) 
Massive,  Steatite  or  aoapstone  (SpeclStein,  Germ. ).  Coarse  granular,  gpray,  grayish-green,  and 
brownish -gray  in  colors.  H. =1-2  '5.  (6)  Fine  granular  or  cryptociystalliiie.  and  soft  enoogk 
to  be  used  as  chalk,  as  the  French  chalk  {Crate  de  Brian fon),  which  is  milk-white,  witha 
pearly  lustre. 

Comp. — Q.  ratio  for  Mg  :  Si=2  :  5,  or  8  :  4,  with  a  varying  amount  of  water  in  both  talcttd 
steatite,  from  a  fraction  of  a  per  cent,  to  7  p.  c.  If  the  water  is  basic,  the  ratio  becomes  foe 
11  :  Si=l  :  2,  (R=Mg(Fe)  and  Ha),  and  the  formula  is  HaMgaSi*©,,  (Bamm. )= Silica  63"4», 
magnesia  31  75,  water  4*76=100  ;  the  analyses  show  generally  1  or  2  p.  c.  of  FeO. 

Pyr.,  etc. — In  the  closed  tube  B.B.,  when  intensely  ignited,  most  varieties  yield  water.   ^ 
the  platinum  forceps  whitens,  exfoliates,  and  fuses  with  difficulty  on  the  thin  edges  to  a  wlS^ 
enameL     Moistened  with  cobalt  solution,  assumes  on  ignition  a  pale  red  color.     Not  decoil^' 
posed  by  acids. 

Diff. — Recognized  by  its  extreme  softness,  unctuous  feel,  and  usually  foliated  fcUiiclm^* 
Inelastic  though  flexible.     Yields  water  only  on  intense  ignition. 

Obs. — Talc  or  steatite  is  a  very  common  mineral,  and  in  the  latter  form  constitates  exteii'^ 
■ive  beds  iu  some  regions.  It  is  often  associated  with  serpentine  and  dolomite,  and  frequent^ 
contains  crystals  of  dolomite,  breunerite,  asbestus,  actinolite,  tourmaline,  magnetite.  Steatii^ 
is  the  material  of  many  pseudomorphs,  among  which  the  most  common  are  those  after  pyroiene^ 
hornblende,  mica,  scapolite,  and  spinel.  The  magnesian  minerals  are  those  whicdi  oommoiit^ 
afford  steatite  by  alteration ;  while  those,  like  scapolite  and  nephelite,  which  contain  soda  aw 
DO  magnesia,  most  frequently  change  to  pinite-like  pseudomorphs.  HenMelaerite  9nS 
jtyrnUoUte  arc  pseudomorphous  varieties. 

Apple-g^reeu  talc  occurs  near  Salzburg ;  in  the  Valais ;  also  in  Cornwall,  near  Lizard  Poinl^ 
with  serpentine  ;  in  Scotland,  with  serpentine,  at  Portsoy  and  elsewhere ;  etO:  In  N^^ 
America,  soiiiu  localities  lire:  Vermont^  at  Bridgewater;  Grafton,  etc.  In  New  SanwMtt^ 
at  IMham,  etc.  In  R.  Island,  at  Smithfield.  In  N.  York^  near  Amity.  InP«rui.,at  Tesaa^ 
a.t  Chestnut  Hill,  on  the  SchuylkilL     In  Mainland,  at  Cooptown.  ,  i 
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PTROFHYLLTTB.    Agalmatolite  or  Pagodite  pt. 

liorliombic.  Not  observed  ia  distiDct  crystals.  Cleavage:  basal 
jnt  Foliated,  radiated  lamellar ;  also  granular,  to  compact  or  crypto- 
Jline  ;  the  latter  sometimes  slaty. 

=1-2.  G.=2-75-2-92.  Lustre'^of  folia  pearly,  like  that  of  talc ;  of 
ve  kinds  dull  or  glistening.  Color  white,  apple-green,  grayish  and 
lish-green,  yellowiHi  to  ochre-yellow,  grayish-white.  Subtransparent 
ique.  Laminse  flexible,  not  elastic.  I^eel  greasy.  Optic-axial  angle 
(about  108°) ;  bisectrix  negative,  normal  to  the  cleavage-plane. 

— (1)  Foliated,  and  often  radiated,  cloeely  resembling  talc  in  color,  feel,  Instre,  and 
xe.  (%)  Compact,  massive,  white,  grayish,  and  greenish,  somewhat  resembling  oom- 
eatite,  or  French  ohalk.  This  compact  variety,  as  Brush  has  shown,  includes  part  of 
as  g^ne  under  the  name  of  agalmatolite,  from  China ;  it  is  used  for  slate-penoils,  and 
(times  called  pencil-itUme, 

ip. — Q.  ratio  for  r^l  :  Si=l  :  2,  also  in  other  cases  3  :  8,  Formula  for  the  first  caae=: 
•+aq  (Bamm.).  Analysis,  Chesterfield,  S.  C,  by  Genth,  SiOj  04 -82,  ::V10,  28*48,  FeOt 
[gO  0-33,  CaO  0-55,  H,0  5-25=100-39. 

,  etc. — Yields  water.  B.B.  whitens,  and  fuses  with  difficulty  on  the  edges.  The 
d  Tarieties  exfoliate  in  fan-like  forms,  swelling  up  to  many  times  the  original  volume 
lasay.  Heated  with  cobalt  solution  gives  a  deep  blue  color  (alumina ).  Partially  decom- 
>7  sulphuric  acid,  and  oompletely  on  fusion  with  alkaline  carbonates. 
— Compact  pyrophyllite  is  the  material  or  base  of  some  schistose  rocks.  The  foliated 
ia  often  the  gangue  of  cyanite.  Occurs  in  the  Urals ;  at  Westana,  Sweden ;  near  Ottrez 
embourg ;  in  Chesterfield  Dist.,  S.  C. ;  in  Lincoln  Co.,  Ga. ;  in  Arkansas.  The  oompaot 
yllite  of  Deep  River,  N.  C. ,  is  extensively  used  for  making  slate  pencils. 
jITB  {CjpnatoUte)^  near  pyrophyllite. 


SBPIOUTZL    Meerschaum,  Germ.    L^Ecume  de  Mer,  Fr, 

npact,  with  a  smooth  feel,  and  fine  earthy  texture,  or  clay-like. 
=2-2*5.     Impressible  by  the  nail.      In  dry  masses  floats  on  water, 
grayish-white,  white,  or  with  a  faint  yellowish  or  reddish  tinge. 
Qe. 

p. — Q.  ratio  for  B  :  Si :  H=l  :  3  :  1,  corresponding  to  MgaSitOs  +  2aq :  or,  if  half  the 

8  basic,  1:2:  i^H^Mg^SiaOs  -i-aq= Silica  60-8,  magnesia  271,  water  121=100.    The 

b  of  water  present  is  somewhat  uncertain. 

,  etc. — In  the  closed  tube  yields  first  hygroscopic  moisture,  and  at  a  higher  temperatare 

inch  water  and  a  burnt  smeU.     B.  B.  some  varieties  blacken,  then  burn  white,  and  fuse 

ffioulty  on  the  thin  edges.    With  cobalt  solution  a  pink  oolor  on  ignition.    Decomposed 

roohlorio  acid  with  gelatinization. 

— Occurs  in  Asia  Mmor,  in  masses  in  stratified  earthy  or  alluvial  deposits  at  the  plains 

hi-aher ;  a]so  found  in  Greece ;  at  Hrubschitz  in  Moravia ;  in  Morocco ;  at  Yalleoaa  in 

in  extensive  beds. 

irord  meerschaum,  is  German  for  sea-frothy  and  alludes  to  its  lightness  and  color.  8epkh 

Ksker,  is  from  a^n-m,  cultle-Jish,  the  bone  of  whioh  is  light  and  porous,  and  also  a  pro- 

i  of  the  sea. 

KODITE. — 4MgSiOs+3aq.     Resembles  sepiolite.     Longban,  Sweden. 

3TITE. — Fuller's  earth  pt.     A  greenish  clay  from  Styria. 

TMORiLLONiTE. — A  rose-red  clay  containing  more  alumina  than  smectite,  from  Mont- 

n,  France. 

kDONiTE. — A  variety  of  ** green  earth"  from  Mt.  Baldo,  near  Verona. 

JOONITB. — ^Green  earth  pt.     A  hydrous  silicate  of  iron  and  potassium,  but  alwaya 

.     Constitutes  the  green  sand  of  the  chalk  and  other  formations  {e.g.,  in  New  Jersey). 

raOKELAMK. — ^In  foliated  plates,  or  as  a  velvety  coating.     Essentially  a  hydrous  iron 
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(Fe)  silicate.  Color  black  io  yellowiah-bionxe.  Silesia;  WeObntg;  Niflsan;  Stediiig  iNt 
mine;  Antwerp,  N.  Y.  {chaleodiU). 

Chloropal.— Compact,  earthy.  Color  greenish-yellow.  A  hydrated  iron  silicate.  Foranli 
FeSisO0+5aq.     Andreasberg;  Steinberg  near  Gottingen ;  Nontron  (^umtronUe)^  Faaot,  tk, 

Aerwitk. — Perhaps  related  to  chloropal  {Latauke).    Color  blue.     Spain. 


TJnisilicates. 
Serpentine  Growp. 

SERPBNTINE. 


Orthorhombic  (?).    In  distinct  crystals,  btit  only  as  Dseudomorphs.   Some- 
times foliated,  folia  rarely  separable ;  also  delicately  nbrous,  the  fibres  often 
easily  separable,  and  either  flexible  or  brittle.    Usnally  massive,  finegnim-     ! 
lar  to  impalpable  or  cryptocrystalline ;  also  slaty. 

H.= 2*5-4,  rarely  5-5.  G.=2-5-2"65;  some  fibrous  varieties  2-2-2'3; 
retinalite,  2"3t)-2"56.  Lustre  subresinous  to  greasy,  pearly,  earthy ;  rain- 
like,  or  wax-like  ;  usually  feeble.  Color  leek-green,  blackish-green,  oil 
and  siskin-green,  brownish-red,  brownish-yellow ;  none  bright;  soraetimea 
nearly  white.  On  exposure,  often  becoming  yellowish-gi*ay.  Streak  ndiite. 
slightly  shining.  Tmnslucent — opaque.  Feel  smooth,  sometimes  greasy. 
Fracture  conchoidal  or  splintery. 

Var. — Many  unnostained  species  have  been  made  out  of  serpentine,  differing  in  sbmcton 
(massive,  slaty,  foliated,  fibrous),  or,  as  supposed,  in  chemical  composition. 

Massive.  (1)  Ordinarif  massif,  (a)  Predaus  or  Noble  Se-rpeutine  (Edler  Serpentin.  Oerm,) 
is  of  a  rich  oil-green  color,  of  pale  or  dark  shades,  and  translucent  even  when  in  thick  pieoei; 
and  {b)  Common  Serpentine^  when  of  dark  shades  of  color,  and  subtransluoeut.  The  fonotf 
has  a  hardness  of  2  5-3;  the  latter  often  of  4  or  beyond,  owing  to  impurities.  Bawt^ 
(Smithfield,  E.  I.),  is  a  jade-like  variety  with  the  hardness  5*5. 

Foliated.  Marmdite  is  thin  foliated ;  the  laminao  brittle  but  easily  separable,  yet  gnda' 
a'ing  into  a  variety  in  which  they  are  not  separable.  G.=2*41 ;  lustre  pearly;  colors  greeff^" 
irth -white,  bluish- white,  or  pale  asparagus-green.     From  Hoboken,  N.  J. 

Fibrous.  Chrysotile  is  delicately  fibrous,  the  fibres  usually  flexible  and  easily  separatiDg  ^ 
lustre  silky,  or  silky  metallic ;  color  greenish-white,  green,  olive-green,  yellow,  and  brownisl>  ^ 
G.  =2 '2 19.  Often  constitutes  seams  in  serpentine.  It  includes  most  of  the  dlky  amiaiiikt^ 
of  seriKintine  rocks.     The  original  chrysotile  was  from  Reichenstein. 

Any  serpentine  rock  cut  into  slabs  and  polished  is  called  seri>entine  marble, 

Ck>mp.— Q.  ratio  for  Mg  :  Si  :  H— 3  :  4  :  2,  corresponding  to  Mg3Si207+3aq  =  Silica  43*4^ 
magnesia  43  '48,  water  13  '04.  But  as  chrysolite  is  especially  liable  to  the  change  to  8crpei» 
tine,  and  chrysolite  is  a  unidUcdte^  and  the  change  consists  in  a  loss  of  some  Mg.  and  tl^ 
ndditiou  of  water,  it  is  probable  that  part  of  the  water  takes  the  place  of  the  lost  Mfi^i  w  tha'^ 
the  mineral  Ls  essentially  a  hydrated  chrysolite  of  the  fonnula  H^BfgsSijOg-f-aq.  The  r«la  ' 
tion  in  ratio  to  kaolinite  and  pinite  corresponds  with  this  view  of  the  formula. 

Pyr.,  etc. — In  the  closed  tube  yields  water.  B.  B.  fuses  on  the  edge.s  with  difficnlty.  F.=s= 
6.  Gives  usually  an  iron  reaction.  Decomposed  by  hydrochloric  and  sulphuric  acids.  Chiy-^ 
sotile  leave.s  the  silica  in  fine  fibres. 

Diff. — Distinguishing  characters :  compact  structure  ;  softness,  being  easily  cat  with  10 
knife  ;  low  specific  gravity  ;  and  resinous  lustre. 

Ob.<}. — Sor])entiDe  often  constitutes  mountain  masses.      It  frequently  occurs  mixed  witfar 
more  or  lens  of  dolomite,  magnesite,  or  calcite,  making  a  rock  of  clouded  green,  sometimei^ 
veined  with  white  or  pale  green,  called  verd  antUjue,  or  (jphiolife.     It  results  from  the  alteia^ 
tion  of  other  rocks,  frequently  chrysolite  rocks.     Crystals  of  serpentine  (psendomorphoos^ 
ooQur  in  the  Fassa  valley,  Tyrol ;   near  Miask ;  Katharinenbeig,  and  elsewhere ;  in  NorwVv 
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mt  bnanim,  eta  Predoiis  Berpentines  come  from  Sweden ;  the  Isle  of  Man ;  Coznca ; 
Siberia ;  Saxony,  eta  In  N.  America,  in  Vemumi,  at  New  Fane ;  Roxbury,  etc.  In  M€us.y 
at  Newbuiyport  and  elsewhere.  In  Conn,,  near  New  Haven  and  Miiford,  at  the  yerd-antiqae 
qoarries.  In  N.  York,  at  Brewster,  Putnam  Go.  ;  at  Antwerp*  Jefferson  Go.  ;  in  Gk>QTer- 
nenr,  St  Lawrence  Go. ;  in  Orange  Go. ;  Richmond  Ga  In  N.  Jersei/,  at  Hoboken.  In 
Penn..  at  Texas,  Lancaster  Go. ;  also  in  Ghester  Go. ;  in  Delaware  Go.  In  Marykuid,  at 
Bare  Hills ;  at  Cooptown,  Harford  Go. 

The  following  are  varieties  of  serpentine  :  retinaUte^  Grenville,  G.  W. :  wrhauseritSj  Tyrol ; 
foreeUopfUte ;  bowenite,  Smithfield,  R.  I.  ;  antigorite^  Piedmont ;  wMianrnte^  Texas,  Pa. ; 
marmoUte^  Hoboken;  picroUU;  metaxUe;  refdanskite  (containing  Ni) ;  aquaerepiUte, 

Bastite  or  Schiller  Spar. — An  impure  serpentine,  a  result  of  the  alteration  of  a  foliated 
*pjroxene.     Baste ;  Todtmoos  in  the  Schwarzwadd.     Antillite  is  similar. 

Deweylite  {Gymnite), — H4Mg4SiaO!a  +  4aq.  Occurs  with  serpentine  at  Middlefield  and 
Texas,  Penn.     Hydrophite  {JenkinsUe\  near  deweylite,  but  Mg  replaced  in  part  by  Fe. 

Oerolite. — HaBfgaSia07-haq.  Silesia.  Limbacuitb  from  Limboch,  and  ZoBLirziTft 
bom  Zoblitz,  are  varieties  of  cerolite. 

GXIMTUITE.    Nickel-Gymnite. 

Amorphous,  with  a  delicately  heiniBpherical  or  stalactitic  surface,  in 
emsting. 

H.=3-4;  sometimes  (as  at  Michipicoten)  so  soft  as  to  be  polished 
under  the  nail,  and  fall  to  pieces  in  water.  G.= 2*409.  Lustre  resinous. 
Color  pale  apple-green,  or  yellowish.  Streak  greenish- white.  Opaque  to 
translucent 

Oomp. — Q.  ratio  for  R  :  Si  :  H=2  :  8  :  3,  or  the  same  as  for  deweylite  ;  formula  H4(Ni, 
Jfg)4Sis0ia,  being  a  nickel-gymnlte.  Analysis:  Oenth,  Texas,  Pa.,  SiOa  ^'36,  NiO  30*G4, 
FeO  0-24,  MgO  14  60,  CaO  0  26,  HaO  19  09 =100  19. 

Pyr.,  etc. — In  the  dosed  tube  blackens  and  gives  off  water.  B.B.  infusible.  With  borax 
in  O.F.  gives  a  violet  bead,  becoming  gray  in  B.F.  (Nickel).  Decomposed  by  hydrochlorio 
acid  without  gelatinizing. 

Obs. — From  Texas,  Lancaster  Co.,  Pa.,  in  thin  crusts  on  chromic  iron;  from  Webster, 
Jackson  Co.,  N.  C;  on  Michipicoten  Id.,  Lake  Superior. 

AiiiPiTB  and  Pimelits,  an  apple-green  silicates  containing  some  nickel  Gabnieritb 
and  KouMBiTB,  from  New  Caledonia  are  similar,  aad  have  been  shown  by  Liversidge  to  be 
mixtuzes. 


Kaolinite  Oroup. 

KAOUMrrJB. 


Orthorhorabic.  7  A  7=  120°.  In  rhombic,  rhomboidal,  or  hexagonal 
scales  or  plates  ;  sometimes  in  fan-shaped  aggregations  ;  usually  constitnt- 
ing  a  claj-like  mass,  either  compact,  friable,  or  mealy ;  base  of  cr}'stal8 
lined,  arising  from  the  edges  of  superimposed  plates.  Cleavage :  basal, 
perfect.     Twins :  the  hexagonal  plates  made  up  of  six  sectora. 

H.= 1-2-5.  6.=2'4-2*63.  Lustre  of  plates  pearly  ;  of  mass,  pearly  to 
dull  earthy.  Color  white,  grayish-white,  yellowish,  sometimes  bix)wni8h, 
bluish,  or  reddish.  Scales  transparent  to  translucent.  Scales  flexible, 
inelastic ;  usually  unctuous  and  plastic. 

Var. — 1.  ArgHUform.     Soft,  clay -like  ;  ordinary  kaolinite  ;  under  the  microscope,  if  not 
wiUftOOt,  showing  that  it  is  made  up  largely  of  pearly  soalea.     The  constituent  of  most,  if  not 
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all,  pare  kaolin.  2.  Fa^rimform,  Mealj,  hardly  ooherent,  oonaistiiig  of  peuij  uicalM 
scales.  8.  Indurated;  Lithomarge  {Stannuirk,  Germ.).  Firm  and  oompaot;  H.=d-S'5. 
When  palverized,  often  shows  a  scaly  texture. 

Oomp.— Q.  ratio  for  ft  :  Si  :  H=d  :  4  :  2 ;  formnla  ^18iaOT+2aq,  ot  making  part  U  tbi 
water  basic,  HsAlSi,Os+aq= Silica  46*4,  alumina  39*7,  water  t8-9=100. 

Pyr.,  etc. — ^Yields  water.  B.B.  infusible.  Giyes  a  blue  color  with  cobalt  aolntioii.  Insol* 
uble  in  acids. 

IHS. — Characterized  by  its  unctuous,  soapy  feel ;  alumina  reaction  B.B. 

Obs. — Ordinary  kaolin  is  a  result  of  the  decomposition  of  aluminous  minerals,  espedally 
the  feldspars  of  granitic  and  gneissoid  rocks  and  porphyries.  In  some  regions  where  thete 
rocks  have  decomposed  on  a  large  scale,  the  resulting  clay  remains  in  vast  beds  of  kaahn, 
usually  more  or  less  mixed  with  free  quartz,  and  sometimes  with  oxide  of  iron  from  some  o^ 
the  other  minerals  present. 

Occurs  at  Cache- Apr6s  in  Belgium ;  also  in  Bohemia ;  in  Saxony.  AtTrieix,  nearLimc^gw, 
is  the  best  locality  of  kaolin  in  Europe,  it  affords  material  for  the  famous  Sevrea  poroelim 
manufactory. 

In  the  U.  States,  kaolin  occurs  at  Newcastle  and  Wilmington,  Del;  at  various  localitiaiiB 
the  limonite  region  of  Vermont  (at  Branford,  etc.) ;  Massachusetts ;  Pennsylvania;  Jadaos* 
ville,  Ala.;  Edgefield,  S.  C;  near  Augusta,  Ga. 

PnoLERiTE,  Halloysitb,  clays  allied  to  kaolinite. 

Safonitb. — A  soft  magnesian  silicate ;  occurs  in  cavities  in  trap. 


Pinite  Oroup. 

Amorphous ;  granular  to  cryptocrystalline ;  usually  the  latter.  Also  in 
crystals,  and  sometimes  with  cleavage,  but  only  because  pseudomorphs,  the 
fonn  and  cleavage  being  those  of  the  minerals  from  which  derived.  Rarely 
a  subinicaceous  cleavage,  which  may  belong  to  the  species. 

n.=2-5-3'5.  G.=2*6-2-85.  Lustre  feeble,  waxy.  Color  ffrayish-wliite, 
grayish-green,  pea-green,  dull  green,  brownish,  reddish.  Ti-anslucent— 
opaque.     Acts  like  a  gum  on  polarized  light ;  DesCl. 

Oomp.,  Var. — Finite  is  essentially  a  hydrous  alkaline  silicate  Being  a  result  of  alteration 
and  amorphons,  the  mineral  varies  much  in  composition,  and  numerous  species  have  beefi 
made  of  the  mineral  in  its  various  conditions.  The  varieties  of  pinite  here  admitted  agretf 
closely  in  physical  characters,  and  in  the  amount  of  potash  and  water  present.  Average  oom^ 
position  :  Silica  46,  alumina  30,  potash  10,  water  0  ;  formula  (Ramm.)  HoKai^lySiaOio.  Th^ 
mineral  is  related  chemically,  as  it  is  also  physically,  to  serpentine  ;  and  it  is  an  alkaU-alunun» 
serpentine,  as  pyrophyllite  is  an  alumina  talc. 

The  different  kinds  are  either  pseudomorphous  crystals  after  (1)  iolite ;  (2)  nepheUte;  (3> 
scapolitc ;  (4)  some  kind  of  feldspar ;  (5)  spodumene ;  or  (6)  other  aluminous  mineral ;  or  (7) 
disseminated  masses  resembling  indurated  talc^  steatite,  Lithomarge,  or  kaolinite,  also  a  result 
of  alteration  ;  or  (8)  the  prominent  or  sole  constituent  of  a  metamorphic  rock,  which  is  some- 
times a  pinite  Hcfiist  (analogous  to,  and  often  much  resembling,  talcose  achiH^  and  stiU  more 
closely  related  to  pyrophyllite  scJiist).     Some  prominent  varieties  are : 

Finite.  Speckstein  [fr.  the  Fini  mine  at  Aue,  near  Schneeberg].  Occurs  in  granite,  and 
is  supposed  to  be  pseudomorphous  after  iolite. 

GiKSRCKiTB.  In  6-sided  prisms,  probably  pseudomorphous  after  nepheUte.  H=:3  9. 
G.  =2  78-2'8o.  Color  grayish -green,  olive-green,  to  brownish.  Brought  by  Gieaeck^  from 
Greenland.     Also  of  similar  characters  from  Diana,  N.  Y. 

AuALMATOLiTE.  Like  ordinary  massive  pinite  in  its  amorphous  compact  texture,  lustre, 
and  other  physical  characters,  but  contains  more  silica,  so  as  to  afford  the  formula  of  a  biaili* 
cate,  or  nearly,  and  it  may  be  a  distinct  species.  Agalmato'ite  was  named  from  oyaXfua^  an 
iuMffe,  and  payodite  from  pagoda^  the  Chinese  carving  the  soft  stone  into  miniatare  j^agodaOf 
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eta    Pftrt  of  the  so-called  agalmatolite  of  China  is  trae  pinite  in  oompofdtion,  auothef 
is  compact  pyrophyUite  (p.  827),  and  still  another  steatite  (p.  826). 
Other  minerals  belonging  in  or  near  the  pinite  group  are :  dytSfrUribUe  (=gieBeckite) ; 
utraphiU;  vfQionUe;  polyargUe ;  rosiU;   hUUnite;  gigarUolUe;  hygrophSUe;  gUmbeHU; 
egiamuiite.    Also  oataapQiU  ;  bihariU  ;  palagonUe. 


Hydro-mica  Group. 

FAHIiUNiTll. 

•In  six-  or  twelve-Bided  prisms,  but  derived  from  pseudomorphism  after 
olite.     Cleavage :  basal  sometimes  perfect. 

H.=3'5-5.  G.=2'6-2-8.  Lustre  of  surface  of  basal  cleavage  pearly  to 
i^axy,  glimmering.  Color  grayish-green,  to  greenish-brown,  olive-  or  oil- 
jreen ;  sometimes  blackish-green  to  black  ;  streak  colorless. 

Var. — This  species  is  a  resalt  of  alteration,  and  considerable  variation  in  the  resnlts  of 
malyses  should  be  expected.  The  crystalline  form  is  that  of  the  original  iolite,  while  the 
Msal  cleavage  when  distinct  is  that  of  the  new  species  fahlunite. 

Oomp. — Q.  ratio  for  R  :  fi  :  Si  :  H=l  :  8  :  5  :  1 ;  whence  the  formula  H4R3{l3SiftO20)  the 
rater  being  considered  as  basic,  and  as  entering  to  make  up  the  deficiency  of  Rases  in  the 
miailicate.  In  some  kinds,  the  same  with  the  addition  of  H3O.  The  Q.  ratio  of  iolite,  the 
niginal  of  the  species,  is  1:3:5.  Analysis  by  Wachtmeister,  from  Fahlun,  SiOa  44-60, 
«0,  3010,  FeO  3-86,  MnO  2  24,  MgO  675,  CaO  1-35,  K,0  198,  H-,0  9  35,  F  tr=100-23. 

Pyr.,  etc. — Yields  water.  B.B.  fuses  to  a  white  blebby  glass.  Not  acted  upon  by  acids. 
Pyiargillite  is  difficultly  fusible,  but  is  completely  decomposed  by  hydrochloric  acid. 

Obs. — Fahlunite  (and  trieUuiU)  from  Fahlun,  Sweden.  The  following  are  identical,  or 
learly  so  :  JStmarkite  and  praseoUUt  Brevig ;  raumiUy  Raumo,  Finland ;  cTdrnvphyUiU^  Unity, 
Ke. ;  pyrargiUite,  Helsingf ors ;  poiychroUite,  Krageroe,  and  aspatnoUte^  Norway ;  hufvnite^ 
liake  Huron  ( WeissiU^  FiUilun). 


MARGARODITZI. 

Like  muscovite  or  common  mica  in  crystallization,  and  in  optical  and 
^ther  physical  characters,  except  usually  a  more  peai-ly  lustre,  and  the  color 
nore  commonly  whitish  or  silvery. 

Oomp. — Q.  ratio  for  R  :  R  :  Si  :  H  mostly  1:6:9:2;  whence  the  formula  HeRaiy4Si90s6f 
he  water  being  basic.  Sometimes  Q.  ratio  1  :  9  :  12  :  2 ;  but  this  diyision  belongs  with 
l*monrite«  if  the  two  are  distinguishable.  This  species  appears  to  be  often,  if  not  always,  a 
esolt  of  the  hydration  of  muscovite,  there  being  all  shades  of  gradation  between  it  and  that 
peoies.  MuscoTite  has  the  Q.  ratio  for  bases  and  silicon  of  4  :  5,  or  nearly.  Analysis,  Smith 
Ad  Brush,  Litchfield.  Ot.,  810,  44*60,  Al  3623,  FeO  1*34,  MgO  0  37,  CaO  050,  Na;,0  4  10, 
CO  6-20,  H,0  5  26,  F  tr.=100-60. 

For  pyrognostics  and  localities,  see  musco^te,  p.  291. 

QiLBBBTiTE. — ^Essentially  identical  with  margarodite ;  tin  mines,  Saxony. 


DAMOURrm. 

An  aggregate  of  fine  scales,  mica-like  in  structure. 
H.=§-3.     G.=2-792.     Lustre  pearly.     Color  yellow  or  yellowish-whita 
Optic-axial  divergence  10  to  12  degrees  ;  for  sterlingite  70°. 

Oomp. — A  hydrous  potash-mica,  like  margarodite,  to  which  it  is  closely  related.     Q.  ratio 
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for  R  :  R  :  Si :  H=l  :  9  :  12  :  2,  or  1  : 1  for  bases  to  silioon,  if  the  water  is  basia  Fonnvk 
H4K3AlsSie034.  Analysis,  Monroe,  from  Sterling,  Mass.  (sterlingiU),  SiOs 43*87,  M0» SMti, 
¥eOt  8-36,  KaO  10  86,  H,0  519=99-73. 

It  is  the  g^g^e  of  cyanite  at  Pontiyy  in  Brittany;  and  che  same  at  Horrsjobeig,  WenB> 
land.    Associated  with  corundum  in  North  Carolina;  with  spodumene,  at  Steding,  Masn 


PARAOONITB.    Pregrattite.    Cossaite. 

Massive,  sometimes  coueisting  distinctly  of  fine  scales ;  the  rock  slatj  oi 
schistose.     Cleavage  of  scales  in  one  direction  eminent,  raica-h*ke. 

H.=2-5-3.  G.=2-779,  paragonite;  2-895,  pregrattite,  OEUacher.  Lustre 
strong  pearly.  Color  yellowish,  grayish,  grayish- wnite,  greenish,  light  apple- 
green.    Translucent ;  single  scales  transparent 

I 

Oomp. — ^A  hydrous  sodium  mica.  Q.  ratio  for  R  :  S  :  Si :  H=l  :  9  :  12  :  2,  or  1 : 1  fot 
bases  and  silicon,  if  the  water  be  made  basic.  Formula  H4Nas:!y$Si60t4(K  :  Na=l :  9)= 
SiHca  46-60,  alumina  39-96,  soda  6*90,  potash  1*74,  water  4-80=100. 

P3rr. — B.B.  the  paragonite  is  stated  to  be  infusible.  The  pregrattite  exfoliates  somewbaft 
like  yermiculite  (a  property  of  some  clinochlore  and  other  species),  and  becomes  milk-wUto 
on  the  edges. 

Obs. — P^agonite  constitutes  the  mass  of  the  rock  at  Monte  Campione,  in  the  r^gioaol 
8t.  Gothard,  containing  <^anite  and  staurolite,  called  paragonitic  or  taloose  schirt.  Hm 
pregrattite  is  from  Pregratten  in  the  Pusterthal,  TyvA ;  cocisaite,  from  mines  of  BwgofrMico, 
near  Ivrea. 

IviOTiTE. — Occurs  in  yellow  scales,  also  granular,  witn  oiyolite  from  Greenland. 

EuPHYLLiTE. — Associated  with  tourmaline  and  corundum  at  UnionviUe,  Penn.  Q.  ntid 
for  B  :  ft  :  Si  :  H=l  :  8  :  9  :  2.  Average  composition,  Silica  41 '6,  alumina  42*8,  lime  1*5, 
potash  3*2,  soda  5-9,  water  5*5=100. 

Epuebite,  Leslbtitb. — Hydro- micas,  perhaps  identical  with  damonrite.  Ooour  with 
corundum,  and  impure  from  admixture  with  it. 

CEllacherite. — A  hydro-mica,  containing  5  p.  c.  baryta.     Pfitschthal,  TyroL 

GooKETTE. — A  hydrous  lithium  mica.  From  Hebron  and  Paris,  Me.,  apparently  a  pro- 
duct of  the  alteration  of  rubellite. 


HISINQERITZI. 


Amorphous,  compact,  without  cleavage. 

H.=3.  G.=3045.  Lustre  greasy,  inclining  to  vitreous.  Color  blac^ 
to  brownish-black.     Streak  yellowish-brown.     Fracture  conchoidal. 

Oomp.— Q.  ratio  for  E-f  ft  :  Si  :  H=2  :  3  :  3  ;  formula  E.ft3Si,Oi8+4aq  (with  one-thir^ 
of  the  water  basic).  E=Fe,Ha ;  ft=Fe.  Analysis,  Cleve,  from  Solberg,  Norway,  SiOi  35'35^ 
FeO,  32-14,  FeO  7-08,  MgO  360,  H,0  2204=100-19. 

Pyr.,  ete. — Yields  much  water.     B.B.  fuses  with  difficulty  to  a  black  magnetic  slag.    Wilf 
the  fluxes  g^ves  reactions  for  iron.     In  hydrochloric  acid  easily  decomposed  without  gelatin 
izing. 

Obs. — Found  at  Longban,  Tunaberg,  Sweden ;  Eiddarhyttan  ;  at  Deger5  {dfgeroUe)^  neaJ 
HelKingffors,  Finland. 

Ekmannite. — Foliated,  also  radiated.  Color  green,  renembles  chlorite.  Analysis,  Igel- 
Btrora,  SiO,  34-30,  FeO,  497,  FeO  3578,  MnO  11*45,  MgO  2-99,  H,0  1051= 100.  WitM 
Tiiagiie.tite  at  Grythyttan.  Sweden. 

Neotocitk. — Uncertain  alteration-products  of  rhodonite;  amorphona.  Contains  S0-3C 
J),  c   MnO.     Ptiisberg,  near  Filipstadt,  Sweden ;  Finland,  ete. 

GiLLLNGiTE  ;  Sweden.     Jollyte  ;  Bodenmais,  Bayaria. 
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Verfntovlite  Group. 

The  vERMicuLiTES  have  a  micaceous  structure.  They  are  all  uuisilicates, 
having  the  general  quantivalent  ratio  R-hR :  Si  :  H=2  :  2  :  1,  the  water 
being  solely  water  of  crystallization.  The  varieties  differ  in  the  ratio 
of  the  bases  present  in  the  protoxide  and  sesquioxide  states."*^ 


JBFFERISITB. 

Orthorhombic  (?).  In  broad  crystals  or  crystalline  plates.  Cleavage :  basal 
eminent,  affording  easily  very  thin  folia,  like  mica.  Surface  of  plates  often 
triangularly  marked,  by  the  crossing  of  lines  at  angles  of  60®  and  120°. 

H.=1'5.  G.=2'30.  Lustre  pearly  on  cleavage  surface.  Color  dark 
yellowish-brown  and  brownish-yellow;  light  yellow  by  transmitted  light. 
Transparent  only  in  very  thin  folia.  Flexible,  almost  brittle.  Optically 
biaxial ;  DesCl. 

Oomp.— Q.  ratio  for  B  :  B  :  Si :  H=2  :  8  :  5  :  2i,  and  B  +  B  :  Si :  H=2  :  2  : 1;  whenoe 
B«{l«Si»03o+5aq.  Analysis:  Brush,  Westchester,  SiOa  87*10,  Aid  17*57,  FeO,  10*54,  FeO 
1-36,  MgO  19*65,  CaO  0*56,  Na^O  tr.,  K,0  0*48,  H,0  18-76=100*87. 

Pyr.,  etc.— When  heated  to  SOO^'^G.  exfoliates  very  remarkably  (like  yermicnlite) ;  B.B.  in 
forceps  after  exfoliation  becomes  ^>early -white  and  opaque,  and  ultimately  fuses  to  a  daric 
gnjr  mass.    With  the  fluxes  reactions  for  silica  and  iron.     Decomposed  by  hydrochloric  acid. 

Obs. — Occurs  in  veins  in  serpentine  at  Westchester,  Pa.     Plates  often  several  inches  across. 

Ptroscleritk.-  -Q.  ratio  for  B  :  ft  :  Si  :  H=4  :  2  :  6  :  8,andforB4-ft  ;  Si :  H=2  :  2  :  1. 
Silica  88*9,  alumina  14-8,  magnesia  34*6,  water  11*7=100.  Color  green,  Elba.  Cuoi7iCRrrE, 
also  Elba,  has  the  ratio  8:2:5:2. 

Ykrmiculite.— Q.  ratio  for  B  :  ft  :  Si :  H=4  :  2  :  6  :  8.  Milbnxy,  Mass.  Culsaoeeitb. 
Q.  ratio  B  :  ft  :  Si  :  H=2  :  1  :  1  :  1.  Jenk's  mine,  N.  C.  Halltte,  same  ratio=2  :  1  :  8  :  2. 
ESast  Nottingham.  Chester  Co.,  Penn.  Pelhamite,  same  ratio=6  :  4  :  10  :  5.  Pelham, 
Mass.  Similar  mineral  fromLenni,  Delaware  Co.,  Pa.,  above  ratio=6  :  4  :  10  :  5.  In  all  of 
the  above  B=:Mg  mostly,  and  ft=Al  and  Fe. 

Kerrite. — Q.  ratio=6  :  8  :  10  :  10 ;  and  Maconite,  Q.  ratio=:8  :  6  :  8  :  5,  are  both  from 
Culsagee  mine,  Macon  Co.,  N.  C.     Yaalite,  Q.  ratio=r6  :  3  :  10  :  4.     South  Africa. 

Diabantite,  Hnwes  (diabantachronnyn,  Liebe). — Fills  cavities  in  amygdaloidal  trap. 
Color  dark  green.  Q.  ratio  for  B:ft:Si:H=4:2:6:3,  but  iron  a  more  prominent  ingre- 
dient than  in  pyroederite  (see  above).  Analysis  :  Hawes,  Farmington,  Ct.,  f  SiO^  83  68,  itiOa 
10-84,  FeO,  2-86,  FeO  24*83,  MnO  0*88,  CaO  0*78,  MgO  16*52,  Na^O  0-33,  HaO  1002=99-60. 


SUBSILICATES. 

ChJorite  Group. 

PENNIMITII.    Kfimmererite. 

Rhorabohedral.  JiAli  =  65''  36',  O  A  B  =  103°  55 ;  c  =  34951. 
Cleavage;  basal,  highly  perfect.  Crystals  often  tabular,  and  in  crested 
groups.  Also  massive,  consisting  of  an  aggregation  of  scales ;  also  com- 
pact cryptocrystalline. 


*  These  relations  were  brought  out  by  Cooke.    Proc.  Amer.  Acad.,  Boston,  1871,  86; 
Ibid.,  1875,  458. 


iSi  DEBCBIPTITE  HIiraBALOOT. 

H. = 2-2*5 ;  3,  at  times,  on  edges.  G.=2-6-2-85.  Xnstre  of  cleavs^ 
surface  pearly  ;  of  lateral  platM 
vitreons,  and  sflmetimes  brilliBTiL 
Color  green,  apple-green,  gnn- 
green,  gray  ish-grcen,  olive-greeD; 
also  reddish,  violet,  rose-nd, 
pink,  grayish-red ;  occaumiallf 
yellowish  and  ailver- white;  violet 
crystals,  and  sometiines  the 
green,  hyacinth-red  by  traiw- 
mittfid  liglit  along  tlie  vertinl 
axis.  Transparent  to  Biibtranslucent.  Laminse  flexible,  not  elastic  Double 
refraction  feeble;  axis  either  negative  or  positive,  and  soinetimee  posithe 
and  negative  in  difEerent  laminee  of  the  same  plate  or  crystal. 

Ootnp. — Q.  ratio  for  buea  and  mlicon  4  :  S,  bnt  Tuying-  bom  4  :  S  to  S':  4  BT««t  d«dw- 
tdoDH  from  the  aiuUTseii  onnot  be  mftde  until  the  staM  ot  oxidation  of  the  Iron  in  aU  oum  it 
•acertained.  ADsl7Bia :  Bcbweiter,  from  Zermatt,  SiO,  SBOT,  A\0,  9-80,  FeO  11-811,  ^|0 
II3-34,  H,0  12-68=99-0a. 

Pyr.,  etc. — In  the  closed  tnbe  yields  water.  B.B.  exfoliates  someirhat  and  is  diOcdtlj 
fusible.  With  the  flnies  all  varieties  giv«  reaction*  for  iron,  and  mas j  Tarietiaanaettiir 
obrominm.     PartiE^y  decomposed  bj  acids. 

Obs.— OccQTB  with  serpentine  in  the  region  of  Zermatt,  Talala,  near  Ht.  Bosa;  atlli^ 
Piedmont ;  at  Sahwanenetein  in  the  Tyrol ;  at  Taberg  in  Wermland  )  at  Snanm.  £!>■ 
mereriu  in  found  near  Hinsk  in  the  Urals;  at  HJuoldawiek  in  VwA,  SbetlMid  Idea,  ihu- 
dant  at  Texas.  Lancaster  Co.,  Pa.,  alon^  with  oUnoohlore,  aome  crystals  being  imbedded  it 
olinochlare,  or  the  reverae. 

The  following  namee  belong  here  :  tdbgrgitt;  pttvdejAiU,  compact,  maaaiTe  (oO^MiVi 
iognniU, 

DtUnitiU.  mmUie,  aphnmdeHU^  lAloTophaite  are  ohloriUo  minerals,  oocnitlng  nndar  vmi- 
lar  oonditiona,  in  amygdaloid,  eto 


RIPIDOUTII.    Clinochlore.    Klinochlor,  Qtrm. 

Monoclinic.     C=  62-  &V=Ohid,  lh2=\2f>°  37',  (9 A 44  =  103' 
14';    c  :  *  :  (i  =  1-47756 ; 
W4  «e5  1-73195  : 1,      Cleavage :   0 

eminent;  drystals  often  tab- 
ular, also  oblong ;  frcqnert- 
ly  rhonibohedral  in  aspcfl, 
the  plane  angles  of  the 
base  being  6(P  and  120°. 
Twins:  twinning-plane  ', 
making  Bt«llate  gronpe,  as  in 
f.  656,  657,  veiy  conimoii. 
Crystals  often  gronped  in 
rosettes.  Massive  coarse  Bcalj 
grannlar  to  fine  grannl&r  vai 
AchmatoTsk.  Achmatovsk.  Cartliy. 

H.=2-9-5.  G.  =  2-65-2-78. 
Lnstre  of  cleavage- face  somewhat  pearly.  Color  deep  graas-green  to  oii«;- 
green;  also  rose- red.  Often  strongly  dichroic.  Strealt  greenish-while  to 
luicolored.     Transparent  to  translucent.     Flexible  and  somewhat  elastiv. 


OTTOss  ooKPomnie — htdboub  bilicates.  836 

yamp^-Q.  ntio  for  R  :  S  :  SI :  H=5  :  8  :  6  :  4;  coireBpondiiig  to  MeitiU,0u+4aqa 

M3k  S3'6,   alamiu  184,    maffnena  88-0, 

tai  12-9=100.     Sometimei  part  of  the  Hg  gjjg  Qg7 

vplaoed  b;  Fe. 

^^  ate— Tielda   water.     B.B.    In  tbe 

tinnm  foicepa  whitena   kud   foaea  with 

IcnltT'  on  the  edges  to  t,  grajdah-bUok 

IB,     With  borax  m  clem  glom  colored  by 

a,   and    Bome times  chromiaia.      In   ml- 

itlo  Bcid  who!];  deoompoBed.    The  variety 

m  WiUimsnUc,  Ct.,  extoliBt«a  in  wonn- 

9  fonuB.  like  vermiculite. 

>!».— Oocois  in  connection  with  ohloritia 

1  talcoae  rocka  or  schiat,  Bud  aerpentine. 

and   at    AchmatoTsk  ;    Scbwanen8l«iii  ; 

Iflrthal,  etc.  ;  red  {koteeAvMlf)  in  the  dia- 

3t  of  Ufaleiak,  Soathem  Ural;  at  Ala.  Piedmont;  at  Zermlitt ;  at  Harienbe^,  Sazonj. 

the  n.  B.,  at  Weatcheater  and  UnionTille,  and  Tezaa,  Fa.  ;  Brewster,  N.  X. 

famed  ripidoiile  from  pin;,  a  fan,  in  allaBicm  to  a  common  mode  of  gronping  of  the  017a- 


WeaColifBter. 


Texaa. 


FROOHIiOSTTE. 

Hexagonal  (i).     Cleavage  :  basal,  eminent.     Crjstala  often  implanted  by 

air  sides,  and  in  divergent  grotipB,  fan-shaped,  or 

beroidal.     Also  in  large  folia.     Massive  granular. 

H.=l-2.  G.=2-78-2-96.  Translucent  to  opaque ; 

ineparent    only   in    very   thin   folia.     Lnstre  of 

«vage    surface    feebly    pearly.       Color    green, 

ftSB-green,  olive-green,  blackish-green;  across  the 

ia  by  transmitted  light  sometimes  red.     Streak 

[Colored  or  greenish.     Laminaa  flexible,  not  elastic. 

>iible  refraction  very  weak ;  one  optical  negative 

is   (Daophiny);  or  two  very  slightly  diverging,  apparently   normal  to 

ine  of  cleavage. 


SometiTnes  in  iaip1aiit«d  oiTatala,  na  at 
Oothard,  eto.  ;  in  the  ZiUcrthal,  Ttto];  TraTersella  in  Piedmont;  in  StTria,  Bohemia. 
10  maaaiTe  in  Oomwall,  in  tin  'reina  (where  it  is  called  paneh) ;  at  Arendal  in  Norway. 
^BOHSTKDTiTB.— Q.  Mtio  B  :  R  1  Si  :  H=8  :  3  :  4  :  8.     Pnlbtsni;  Cornwall. 
SnieovrrB. — Q.  Tatio=3  :  2  :  4  :  3.     In  granite  of  Striegan,  Silesi*.    Oboohattith  lams 
•Uty. 


MAROABITB.    PerlgUntmer,  Germ. 

Orthorhoniblc  (?) ;   homihedral,  with  a  monoclinic  aspect.     /A  /=  119°- 

0".  Lateral  planes  horizontally  striated.  Cleavage: 

m1,  eminent.    Twins;  common,  composition-Mce  ess 

and  forming,  by  the  crossing  of  3  cr)~8tala,  gronps 

0  Bectora.  [Jsually  in  intersecting  or  aggregated 
miaai ;  sometimes  massive,  with  a  scaly  structure. 
H.=3-5-4-5.  G.=2-99,  Hermann.  Lnatre  of 
«e  pearly,  laterally  vitreons.  Color  grayish,  red- 
ih-white, yellowish.    Translncent,  sabtranelnoent.    Laminse  rather  brittle.* 


336  DEfiCBIPnYE  MINERALOOT. 

Optic-axial  angle  very  obtuse ;  plane  of  axes  parallel  to  the  longer  diagonal; 
dispei'sion  feeble. 

Oomp.— Q.  ratio  f or  R  :  R  :  Si :  H=l  :  6  :  4  :  1 ;  whence,  if  the  water  be  basic,  for  hum 
and  silicon =2  :  1,  formula  RfiSiOs  ;  that  is,  HjCat^rUSi^Oit.  Analysis,  Smith,  Chester,  Mao., 
SiOi  82-21,  AlO,  48-87,  FeO.  250,  MgO  0*32,  CaO  10-02,  Na,0(K,0)  1-91,  HaO  4-61,  lj,0 
0-82,  MnO  0-20=100-96. 

Pyr.,  etc.— Yields  water  in  the  closed  tnbe.    B.B.  whitens  and  foses  on  the  edges. 

Obs.— Maigarite  occurs  in  chlorite  from  the  Oreiner  Mts. ;  near  Sterzing  in  the  Tyrol;  at 
different  locAlities  of  emery  in  Asia  Minor  and  the  Grecian  Archipelago ;  with  corundiim  in 
Delaware  Co.,  Pa.;  at  Unionville,  Chester  Co.,  Pa.  (coruntMlite) ;  in  Madison  Co.  (dM^ 
manit6)j  and  elsewhere  in  North  Carolina ;  at  the  emery  mines  of  Chester,  Maaa. 


OHLORITOID. 


Monoclinic,  or  triclinic.  I A  I'  about  100°  ;  O  (or  cleavage  surface)  on 
lateral  planes  93°-95°,  DesCl.  Cleavage :  basal  perfect :  parallel  to  a 
lateral  plane  imperfect.  Usnally  coarsely  foliated  massive ;  folia  oftci 
curved  or  bent,  and  brittle;  also  in  thin  scales  or  small  plates  disseminateC 
through  the  containing  rock. 


of  cleavage  somewhat  pearly.     Brittle. 


Var. — 1.  The  origriual  chUmtnid  (or  chloritspath)  from  Kossoibrod,  near  Katharinenbing  in 
the  UraL  2.  The  Siimondine,  from  St  Marcel.  3.  Masanite,  from  Natic,  R.  L,  in  nrj 
broad  plates  of  a  dark  gfrayish-green  color.  The  Canada  mineral  is  in  smaU  plates,  one-fourth 
in.  wide  and  half  this  thick,  disseminated  through  a  schist  (like  phyllite).  and  also  in  nodolei 
of  radiated  structure,  half  an  inch  through.  That  of  Gumuch-Dagh  resembles  BismondiDe,1i 
dark  green  in  thick  folia  and  grass-green  in  very  thin. 

Comp. — Q.  ratio  for  R  :  R  :  Si  :  H=l  :  3  :  2  :  1,  for  most  analyses.  Analysis  by  v.  Kobell, 
Bregratten.  SiO,  26  19,  A\0»  38'30,  FeO,  6  00,  FeO  21  11,  MgO  3-30.  H«0  5-50=100  4a 

Pyr.,  etc  — In  a  matrass  yields  water.  B.  B.  nearly  infusible ;  becomes  darker  and  magn^ 
tic.  Completely  decomposed  by  sulphuric  acid.  The  masonite  fuses  with  difficulty  to  a did^ 
green  enamel. 

Obs. — The  Kossoibrod  chloritoid  is  associated  with  mica  and  cyanite  ;  the  St.  Marcel  cocoa 
in  a  dark  green  chlorite  schist,  with  garnets,  magnetite,  and  p3nrite ;  the  Rhode  Island,  in  tf 
argillaceous  schist ;  the  Chester,  Mass. ,  in  talcose  schist,  with  emery,  diaepore.  etc. 

iP/tl/Uite  (And  ottrelite)  closely  resembles  chloritoid,  though  the  analyses  hitherto  made  sbow 
a  wide  discrepancy,  perhaps  from  want  of  purity  in  the  material  analyzed.  Occurs  in  mdiU* 
oblong,  shining  scales  or  plates,  in  ai^Uaceous  schists  Color  blackish  gray,  greenish^gnji 
black.  Phyllite  occurs  in  the  schist  of  Sterling,  Coshen,  Chesterfield,  Plainfield,  etc.,  ^ 
Massachusetts,  and  Newport,  R.  I.  {neuoportUe).     Ottrdite  is  from  a  similar  rock  near  Ottiei- 

Seybeutite.  — Orthorhombic.  I '\  1  =  120\  In  tabular  crystals,  sometimes  hfxagoati; 
also  foliated  massive  ;  sometimes  lamellar  radiate.  Cleavage :  basal  perfect  Stmctnre  tius 
foliated,  or  micaceous  parallel  to  the  base.  H.  =4-5.  (t.  =3-3*1.  Lustre  pearly  submetaSic^ 
Color  reddish -brown,  yellowish,  copper- red.  Folia  brittle.  Analysis.  Brash,  Amitj,  SiOj 
20  24,  A10a39I3,  FeO,  327,  MgO  2084,  CaO  1309,  H,0  1-04.  Na^O  K.O  1-43,  ZrO,0-75= 
lOOsU).     Amity,  N.  Y.  {cliiitonite)\  Fassathai  (6r^72/2mto);  ^IvA^yvLfit  {xanUuiphpUUe). 

CoKUNDOi'iiiLiTE. — A  chloritc  with  the  Q.  ratio=l  :  1  :  1  :  J.  Occurs  with  comndama^ 
Asheville.  N.  C;  Chester,  Mass. 

DnDLEYiTE.— Alteration  product  of  margante.     Clay  Co.,  N.  C. ;  Dndleyville,  Ala. 

Wii.LCoxiTE. — Near  margarite.  Decomposition  product  of  corundum,  Q.  ratio  fcnr  R  :  B ! 
Si  :  U=3  :  6  :  5  :  1, 

TnuRiNOiTE.— Q.  ratio  2:3:3:2.    Contains  principally  iron  (Fe  and  Fe).     Hot  Spzii^ 
*  Arkansas;  Harper's  Ferry  {oweniU).    FattersoniU  from  Unionville,  Pa.,  near  thuxingito. 


OZTOBN  COMPOUNDS. — TANTALATES^  COLUMBATES. 
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2,  TANTALATES,  COLUMBATES. 


PTROOHLORB. 

Isometric.  Commonly  in  octahedrons.  Cleavage:  octahedral,  some- 
times distinct,  especially  in  the  smaller  ciystals. 

II.=5-5*r).  G.=4*2-4*35.  Lustre  vitreons  or  resinous.  Color  brown, 
dark  reddish-  or  blackish-brown.  Streak  light  brown,  yellowish-brown. 
Subtranslucent — opaque.     Fracture  conchoidal. 

Oomp. — A  colnmbate  of  oalciunif  cerium,  and  other  bases  in  varying  amounts.  Analjrsis, 
by  Rammelsberg,  Brevig,  Ob,0»  58*27,  TiO^  6-88,  ThOa  4  96,  CeO  5-60,  CaO  10  93,  FeO;UO,) 
5iy3,  Na,0  5  31,  F  3  75,  H,0  1-53=10M6. 

Obs. — Oocura  in  syeni^  at  Friederichsv&m  and  Laurvig,  Norway ;  at  Brevig ;  near  Miank 
in  the  Urals :  Kaiserstuhlgebirge  in  Breisgau  (koppiU)  ;  with  samarskite  in  N.  Carolina  (0.= 
4'7d4,  chemical  character  unknown). 

HiCBOLiTB. — In  minute  yeUow  octahedrons  in  feldspar.  G.=5*5.  Near  pyrochlore,  but 
probably  containing  more  tantalum  pentoxide.     Chestbrfield,  Mass. 

Pyrrhite. — In  isometric  octahedrons.  Color  orange-yellow.  Chemical  character  un- 
known. From  Mursinsk  in  the  Ural.  A  mineraJ  supposed  to  be  similar  from  the  Azores 
contains  essentially,  according  to  Hayes,  columbium,  zirconium,  eta 

AzoRFFB. — In  minute  tetragonal  octahedrons  resembling  zircon.  From  the  Azores  in  albitc. 
Chemical  character  unknown. 


TANTAUTB. 

Orthorhombic.     Observed   planes  as  in   the  figure.     /A  /  =  101°  32', 
O A14=  122°  3i';  i:b:d  =  1-5967  : 1-2247  : 1.     Oa 
l-i  =  117°  2',  i'i  A 1-2  =  143°  6V,  1-2  A 1-2,  adj.,  =  141°  660 

48',  i-iAi-|-  =  118°   33'.      Twins:   twinning-plane   i-l^ 
common.     Also  massive. 

H.=6-6-5.  6.=7-8.  Lnstre  nearly  pnre  metallic, 
somewhat  adamantine.  Color  iron-black.  Streak  red- 
dish-browii  to  black.     Opaque.     Brittle. 


Comp.,  Var. — A  tantalate  either  (1)  of  iron,  or  (2)  of  iron  and 
manganefle,  or  (3)  a  stanno-tantalate  of  these  two  bases.  Formula 
Fo(lin)TasOc  Sn  is  also  often  present  (as  FeSnOs,  according  to  Bam- 
melaberg),  and  some  of  the  tantalum  is  often  replaced  by  columbium. 
Analysis,  Eamm.,  Tammela  (G.  =7*384),  TaaO*  76-34,  Cb,0»  754, 
SnO,  0-70.FeO  1300,  MnO  1'42=99'90.  Other  varieties  contain  much 
more  CbjOs,  the  kinds  shade  into  one  another. 

Pyr.,  eto. — B.B.  unaltered.  With  borax  slowly  dissolved,  yielding  an  iron  glass,  which,  at 
a  certain  point  of  saturation,  gives,  when  treated  in  R.F.  and  subsequently  flamed,  a  g^ray- 
bh- white  bead ;  if  completely  saturated  becoraes  of  itself  cloudy  on  cooling.  With  s^t  of 
phosphorus  dissolves  slowly,  giving  an  iron  glass,  which  in  B.F. ,  if  free  from  tungsten,  is 
pale  yellow  on  cooling  ;  treated  with  tin  on  charcoal  it  becomes  green.  If  tungsten  is  present 
the  bead  is  dark  red,  and  is  unchanged  in  color  when  treated  with  tin  on  charcoal.  With 
•oda  and  nitre  gives  a  greenish-blue  manganese  reaction.  On  charcoal,  with  soda  and  snffi- 
ciant  borax  to  dissolve  the  iron,  gives  in  B.F.  metallic  tin.     Decomposed  on  fusion  with 
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potassium  bisolpbate  in  the  platinom  spoon,  and  giyes  on  treatment  with  dOitte  bjdroehlniB 

acid  a  yellow  solatiou  and  a  heavy  white  powder,  which,  on  addition  of  metallio  sine,  r " 

&  Kmalt-blue  color  ;  on  dilation  with  water  the  blue  color  soon  disappean  (t.  Kobell). 

Obs. — Tantalite  is  confined  mostly  to  albite  or  oligoclase  granite,  and  Is  tmoally  aai 
with  beryl.     Occurs  in  Finland,  at  several  places ;  in  Sweden,  in  Fahlnn,  at  Broddbo  nd 
Finbo ;  in  France,  at  Chanteloube  near  Limoges,  in  pegmatite ;  in  North  Carolina. 

Named  TantalUe  by  Ekeberg,  from  the  mythic  Tantalus,  in  pU^yful  allusion  to  the  difkal* 
ties  (tantalizing)  he  encountered  in  his  attempts  to  make  a  solution  of  the  Finland  minenl  is 
acids. 

OOLTTBSBITXL    Niobile.     Ferroilmenite. 

Orthorhombic.  /A 7=101°  26',  <?Al.i  =  134°  53i';  cil:i^ 
10038  :  1-2225  : 1.  O  A 14  =  140°  36',  <?  A 1-5  =  138°  26',  t-i  A 11  = 
104°  30',  1-5  A  1-5,  adj.,  =  151°,  i-5  A  i-5,  ov.  i-i,  =  135°  40',  t-2  A 1-2,  ov.m, 
=r  135°  30'.  Twine :  twinning-plane  2-i.  Cleavage :  t-i  and  i-i,  the  former 
most  distinct.     Occurs  also  rarely  massive. 
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H.=6.  G.=5*4-6-5.  Lustre  submetallic ;  a  little  fihining.  OJor  iron- 
black,  brownish-black,  grayish-black;  often  iridescent.  Sti-eak  dark  red  to 
black.     Opaque.     Fracture  subconchoidal,  uneven.     Brittle. 

Oomp.,  Var. — FeCb3(Ta))0«,  with  some  manganese  replacing  part  of  the  iron.  The  ntk) 
of  Cb  :  Ta  generally-=8  ;  1  (BodenmaiR,  Haddam),  sometimes  4  :  1,  8  :  1,  10  :  1,  etc.;  in  the 
Greenland  columbite  the  TaaOt  is  almost  entirely  absent. 

Analyses.  Blomstrand,  (I)  Haddam  iG.=6  15),  (2)  Greenland  (G.=5  395). 

(2) 

Pyr.,  etc.— Like  tantalite.     Von  Kobell  states  that  when  decomposed  by  fusion  with 
caustic  potash,  and  treated  with  hydrochloric  and  sulphnric  acids,  it  gives,  on  Uie  addition  <^ 
zinc,  a  blue  color  much  more  lanting  than  with  tantalite ;  and  the  variety  dianiU^  irlMA 
similarly  treated,  gives,  on  boiling  with  tin-foil,  and  dilution  with  its  volume  of  water.  ^ 
sapphire-blue  fluid,  while,  with  tantalite  and  ordinary  columbite,  the  metallic  acid  remtfo^ 
undiRsolved.     The  variety  from  Haddam,  Gt.,  is  partially  decomposed  when  the  powdei^^ 
mineral  is  evaporated  to  dryness  with  concentrated  sulphuric  acid,  its  color  is  changed  t<) 
white,  light  gray,  or  yellow,  and  when  boiled  with  hydrochloric  acid  and  metaUic  zinc  it  gi^ 
a  beautiful  blue.     The  remarkably  pure  and  unaltered  columbite  from  Arksnt-flord  in  Grees* 
land  is  alt»o  partially  decomposed  by  sulphuric  acid,  and  the  product  gives  the  reliction  tert 
with  zinc,  as  above. 

Obs. — Occurs  at  Rabenstein,  Bavaria;  at  Tirschenrenth,  Bavaria ;  at  Tammela  in  Finland; 
at  Chanteloube,  near  Limoges  ;  near  Miask  in  the  Ilmen  Hts.;  at  Hermanak&r,  near  BjQnkiii 
in  Finlaad  ;  in  Greenland,  at  Evigtok. 
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In  Uw  tFnItod  Stetet,  at  HaddMn,  In  a  grudt*  Tein,  md  neu  Uddletown,  Conn. ;  at 
Ckwteifleld,  Tbm. ;  Studidt,  He.  ;  Acworth,  N.  H.  ;  alao  B«Terl7,  Mub.  ;  Nortba«ld,  Mam.  f 
FIniOTrtti,  N.  H.  ;  OnanBald,  N.  T. 

Tlw  Oouwotiont  eiyitali  an  iiBDaUj  nthei  fragile  from  partiml  dhtnge  ;  while  thoae  of 
OrBanlBiid  and  of  HdiM  ara  Tety  Arm  ud  baid. 

Hbrmasholitb  (Shepard). — From  tbe  colambite  looalityat  Haddam,  Ct.,aiid  a  variet;  of 
Mdmnbita dae  tc  alWntion.  Q.=5'85.  Suppoead  by  Hennaim  to  cootajn  " Qmeniiun "  pent 
oxide  (HiOi). 

Tapiolitb.— TeteagvnaL  i=-i4M  (mtile  ^=-6U3).  FeTa,(Ob,}0^  ivith  Ta  :  Cb=4  :  1. 
Tumnela,  Finland. 

Hjkij<itr.^A.  itanno-tantalate  of  iion,  Dnnlnm  and  yttifnin.  Hawve.  Color  Uack. 
Hmr  Fablun,  Sweden, 


TTTHOTANTAUTB.    Black  TUcotantalite. 

Orthorhombic    7a 7=123°  10';  0A2-i  =  103°  26';  ^ 
:  1-8482  : 1.     CryBtaU  often   tabul&r   parallel   to  i-i. 
Also  roaeeive ;  amorphous. 

H.=5-5"5.  G.=5'4-5-9.  LuBtre  anbmetallic  to 
Titroons  and  greasy.  Color  black,  brown.  Streak 
gray  to  colorless.  Opaque  to  subtransluceut  Frac- 
ture small  conchoidal  to  granular. 


Ttterby. 


Oomp.— HobUj  R,(Ta,Cb),OT,  with  two  eqnlvalenta  of  watei, 
pethape  from  alteration ;  R-Fe  :  Cft  :  T(Br,Ce)=l  ;  2  :  1  Con- 
taining also  WOi  and  SaO,.  Analjaa  (Rarnm.],  Ttterby,  Xa,0. 
«a6,  Cb,0. 18-38,  8nO,  113,  WO,  236,  UO,  1-81,Y0  10B3,  ErO 
•■71,  FeO8-80,  Ce0  2  22,  C»6-73,  H,0  831=98  85. 

Pyr.,  etc. — In  the  oJoeed  tube  yleldii  water  and  tomn  jellow. 
On  mteuBO  ignition  beoames  white.  B.B.  infoaible.  With  salt  of 
phoaphoms  dissolvea  with  at  Srst  a  separation  of  a  white  iksleton  of  tantalnm  pentoxidei, 
whitji  with  a  strong  beat  is  also  dissolved  ;  the  black  Tsiietf  from  Ttterby  gives  a  glass  faintt j 
tinted  roae-red  from  the  presence  of  tuugsten.  With  soda  and  borax  on  charcoal  gives  traoea 
of  mebillic  Idn  (Beraelios).  '  Not  decomposed  by  aoids.  Decomposed  on  tnaion  with  potaa- 
tinm  biantphate,  and  wbnii  the  product  is  boiled  with  bydrychloiio  add,  metalUo  tino^Tesa 
pals  blue  color  to  the  solution  which  soon  fades. 

Oba. — Ooonra  in  Sweden  at  Ytterby ;  at  tbe  Knrarfret  mine,  eto. ,  near  Fahlnn. 


^ 


WAMJtWWKITH.     TTnnotantalite. 


Orthorhombic.  /a  7=122°  46' 
1-883  :  1.  CrystalB  often  flattened 
parallel  to  i-i,  also  less  often  to  i-i. 
Also  in  lai^  irregalar  masses  (N. 
CJarolina).  In  flattened  imbedded 
ffrains  (UralB), 

H.  =  6-5-6.  G.=5-614^5-75;5-45 
-5-69,  North  Carolina.  Lustre  of 
Bnrface  of  fracture  shiring  and  sub- 
metallic.  Color  velvet-black.  Streak 
dark  reddish-brown.  Opaque.  Frac- 
ture BuhcoQuhoidal. 


1-t  A  1-i  =  93" ;    i:l:a  =  0-949  : 


North  Caiolina. 
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GbaOft  TaaOi  WOi  SnOs  ThOiZxOaUOi  HnO  FeO     GeO*     TO    GaO   H,0 

1.  mtoheU 

Co.,  N.  0.,  37-20  18.80 0-08 13-46  0*75  10-90  4-25  14  45  0-55  1-12= 

uo,  loo-se 

2,  Miaak,  4747   1-86  0*06  6*05  4-85  10-95  0-96  ll'd8t  8*81    12-61  0-78  0-45 

MgO  0-14=99'76 

•  With  L»0,  DIO. 
t  With  O-aS  CuO. 

Pyr.,  etc. — In  the  closed  tube  decrepitates,  glows  like  gadolinite,  ciBcks  open,  and  toni 
black,  and  is  of  diminished  density.  B.B.  loses  on  the  edges  to  a  black  glass.  With  bonx 
in  O.F.  gives  a  yellowish-green  to  red  bead,  in  R.F.  a  yellow  to  greenii^-black,  which  oq 
flaming  becomes  opaque  and  yellowish-brown.  With  salt  of  ^ftPf^J^^S<^  both  flamei  IB 
emerald -green  bead.  With  soda  yields  a  manganese  reactiox^^XFdI)^m{KBS9a  on  fusion  with 
potassium  bisulphate,  yielding  a  yellow  mass  which  on  treatment  with  dOnte  hydrochlono 
acid  separates  white  tantalio  acid,  and  on  boiling  with  metalUo  cmo  giyes  a  fine  bine  color. 
Samar^te  in  poWder  is  also  sufficiently  decomposed  on  boiling  with  concentrated  folphnzic 
acid  to  give  the  blue  reduction  test  when  the  acid  fluid  is  trea^  with  metallic  xino  or  tin. 

Obs.---Oocurs  in  reddish-brown  feldspar,  near  Miask  in  the  Ural ;  the  pieces  haTiBf  tiw 
size  of  hazel-nuts.  In  masses,  sometimes  weighing  20  lbs.,  in  the  decomposed  feldspar dtlM 
mica  mines  of  western  North  Carolina,  especially  in  Mitchell  Go.  At  both  localities  it  is 
often  intimately  aHRociated  with  oolumbite ;  at  Miask  the  crystals  of  the  latter  specus  in 
•ometimes  implanted  in  parallel  position  upon  those  of  the  samarskite. 

NoHLiTB. — ^Near  samarskite,  but  contains  4  -62  p.  c.  water.    Nohl,  Sweden. 

BUXXINITB. 

Orthorhombic.  Form  a  rectangular  prism  with  lateral  edges  replaced, 
and  a  pyramid  at  summit.     Cleavage  none.     Commonly  massive. 

H.=6'5.  G.=4-60-4-99.  Lustre  brilliant,  metallic-vitreous,  or  some- 
what greasy.  Color  brownish-black ;  in  thin  splinters  a  reddish-brown 
translueence  lighter  than  the  streak.  Streak-powder  yellowish  to  reddish- 
brown.     Fracture  subconchoidal. 

Oomp.— According  to  Rammelsberg  2RTiOj  +  RCb90.4-aq;  here  R=T,Fe,lT  moBtif. 
Analysis,  Ramm.,  Arendal,  Cb,0»  35-09,  TiO,  21  16,  YD  27-48,  ErO3-40,  UO,  4-78,  Ce0317, 
FeO  1-38,  H2O  2  63=9963. 

Obs. — OccurR  at  Jolster  in  Norway  ;  near  Tvedestrand  ;  at  Alve,  island  of  Tromoen,  setf 
Arendal ;  at  Moretjor,  near  Naskilen.    North  Carolina. 

Named  by  Scheerer  from  tH^tyos,  a  stranger,  in  allusion  to  the  rarity  of  its  occurrence. 

-ffisCHYNiTE.— Orthorhombic.  H.=5~6.  G.  =4-9-5  14.  Lustre  submetallic  to  resinonB, 
nearly  duU.  Color  nearly  blade.  Streak  gray.  Fracture  small  subconchoidal.  AnalTsU, 
Ramm.,  CbaO*  28  81,  TiO,  2264,  SnO,  018,  ThO,  15-75,  Fe0  317,  CeO  1849,  LaO(DiO) 
5-60,  YO  1  -12,  CaO  275,  HaO  1  •07=99-5a  In  feldspar  with  mica  and  zircon.  Hiaak  in  the 
Urals. 

PoLYMiGNiTE.— Orthorhombic.  In  slender  crystals.  H  =6*5.  G. =4 -77-4-85.  Lartre 
brilliant  Color  black.  Streak  dark  brown.  Fracture  perfect  conchoidal.  Compositioo 
doubtful.     Fi-edericksTam,  Norway.     Perhaps  identical  with  aeschynite  (Frankenheim). 

P0LYCRA8E.— Orthorhombic.  H.=5-5.  G.  =5  09-5- 12.  Lustre  bright.  Color  btack. 
Streak  grayish -brown.  Fracture  conchoidal.  Analysis,  Ramm.,  CbaO*  20.35,  Ta^Os  400, 
TiOa  26-59,  YO  2332,  FeO  272,  CeO  2  61,  UOa  7  70  HaO4-02=98-84.  In  crystals  in  gnnita 
at  Hitteroe,  Norway. 

Mengite.— Occurs  in  short  prisms.  H.  =5-^-5.  G.=5-48.  Color  iron-black.  ContaiM 
sirconium,  iron,  titanium.     In  granite  veins  in  the  Ilmen  Mts. 

RUTHBRFORDITE. — Doubtful;  contains  titanium,  cerium,  etc.     Rutherfoid  Co.,  N.  CL 


FERQUSONm!.    Yellow  Yttrotantalite.     Tyrite.     Bragite. 

Tetmgonal,  hemihedral.     O  A 14  =  124°  20' ;  i=i  1-4:64:.     Cleavage:  1| 
in  distinct  traces. 


OZYOXN  OOMFOITNDS. — TAJSfTAJJLTESj  00LUMBATB8. 


841 


667 


H.=5-5-6.    G.=5-838,  Allen ;  5800,  Turner.     Lnstre  externally  dull, 
on  the  fracture  brilliantly  vitreous  and  submetallic. 
Color  brownish-black;  in  thin  scales  pale  liver-brown. 
Streak  pale  brown.     Subtranslucent — opaque.    Frac- 
ture imperfect  conchoidal. 

Oomp. — Aocording  to  BammeUibergr,  euentiaUy  B3(Cb,Ta)i0». 
AnalysiBt  Bamin.,  Groenland,  Cb^O*  44*45,  Ta^Ob  6*30,  SnO,  0*47, 
WO,  016,  YO  24-87,  KiO  9  81,  Ce  7-63  (5*63  La0,Di0),  UO,  2*68, 
FeO  0-74,  CaO  0^1,  HsO  1  -49-99  10.  The  amount  of  water  Taries 
from  1*49-7  p.  a,  and  Is  zegazded  by  Bammelabeig  as  arising  from 
alteration. 

Obs. — Fergtuanite  ooonrs  near  Gape  FareweU  in  Qreenland,  dis- 
stminated  in  qnarts.  Also  foond  at  Ttterby,  Sweden  ;  in  Silesia. 
BragiU  is  from  Helle,  Alve,  and  elsewhere  in  Norway.  TyriU  is 
anodated  with  eoxenite  at  Hami)emyr  on  the  island  of  Tromoe, 
and  Helle  on  the  mainland;  at  Nsoskal,  about  ten  miles  east  of 
Arendal. 

KocHBLFFB. — ^Nosr  fergosonlte.      In  yeUow  sqnare-ootahedrons  and  crusts  in  granite. 
Kochelwiesen,  near  Schreiberhan,  Silesia. 

i^KLPHOLiTB. — A  oolumbate  of  iron  and  manganese,  oontaining  41-8  p.  o.  of  metaOio 
adds,  and  9*7  p.  o.  of  water.    Tetragonal    H.  =8-5-4*5.    0.=8*8L     Tammela,  Finland. 
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8.  PHOSPHATES,  ARSENATES,  VANADATES,  ETC. 


Anhtdsoub  Phosphates,  Absenatbs,  Bra 

ZENOTIMII.    Ttteispaih,  Qerm, 

Tetragonal.     (?  A 1  =  138^  45' ;  i  =  0-6201.    1 A 1,  pyram.,  =  184**  26'; 

basal,  =  82^  30'.    Cleavage :  %  perfect 
668  H.=4-5.      G.=4-45-4'56.      Lustre    resinoua. 

Color  yellowish-brown,  reddish-brown,  hair-brown, 
flesh-red,  ffrayish-white,  pale  yellow ;  streak  pale 
brown,  yeflowish,  or  reddish.  Opaque.  Fracture 
uneven  and  splintery. 


Oomp.— TtPaO»=Phosplioni8  pentoxide  (PiO*)  87*87,  yttrii 
$318=100. 

Pyr.,  etc. — B.B.  infasible.    When  moistened  with  salphuio 

add  colors  the  flame  bluish-green.    Difficultly  solable  in  mk 

of  phoephorua     Insoluble  in  acids. 

Obs.— From  a  granite  vein  at  Hitteroe  ;  at  Ttterby,  Sweden  ;  St.  Gothaid ;  Binnentbal 

In  the  U.  S.,  in  the  gold  washings  of  Clarksyille,  (Georgia;  in  McDoweU  Co.,  N.  C;  intbt 

diamond  sands  of  Bahia,  Brazil.     The  wiserine  of  Kenugott  has  been  shown  by  Klein  to  bi 

octahedrite  (vide  p.  255). 

Crtptolitk  (FJiosphoceriie). — CesP^Os  (with  some  Di),  like  monasdte.    Occurs  in  minoto 
grains  imbedded  in  apatite  at  Arendal ;  Siberia. 


Apatite  Qrov/p. 


ikPATTTE. 


Hexagonal ;  often  hemihedral.     O  A 1  =  139°  41'  38",  Kokscharof ;  h  = 
0-734603.    O  A  2-2  =r  124°  14J'.   Cleavage :  O,  imperfect ;  /,  more  so.   Also 


t2 


;o 


St.  Gothard. 


globular  and  reniform,  with  a  fibrous  or  imperfectly  columnar  structure, 
also  massive,  structure  granular. 
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H.  =5,  sometimes  4*5  when  massive.  G.=2*92-3'25.  Lnstre  vitreous, 
iuclining  to  subresiiioiis.  Streak  white.  Color  usually  sea-jajreen,  bluish- 
green  ;  often  violet-blue ;  sometimes  white ;  occasionally  yellow,  gray,  red, 
flesh-red,  and  brown ;  none  bright.  Transparent — opaque.  A  bluish 
opalescence  sometimes  in  the  direction  of  the  vertical  axis^  especially  in 
wliite  varieties.     Cross  fracture  conchoidal  and  uneven.     Brittle. 

Var.-— 1.  Ordinary.  CrystaUized,  or  oleavable  and  granular  massive,  (a)  The  agparagvs 
stone  (originally  from  Marcia,  Spain)  and  maronU  (from  Arendal)  are  ordinary  apatite.  The 
fozmer  was  yellowish -green,  as  the  name  implies  ;  the  latter  was  in  greenish- blue  and  bluish 
crjBtals ;  and  the  names  have  been  used  for  apatite  of  the  same  shades  from  other  places. 
2.  Fibrous^  concretionary^  staUictitic.  The  name  P/io^phorite  was  used  by  Kirwan  for  all  apatite, 
but  in  his  mind  it  especially  included  the  fibrous  concretionary  and  partly  scaly  mineral  from 
Bstremadnra,  Spain,  and  elsewhere.  8.  Fluor-apatite^  Ufdor-apatite,  Apatite  also  varies  aa 
to  the  proportion  of  fluorine  to  chlorine,  one  of  Uiese  elements  sometimes  replacing  nearly  or 
whoUy  the  other. 

Oomp. — The  formulas  of  the  two  varieties  are  3CasP.0«  +  CaCla= Phosphorus  pentoxide 
40-92,  lime  53-80.  chlorine  6  82=  101 '54  ;  and  3Ca,PaOe  +  CaF3=Pho8phoru8pentoxide  42-26, 
lime  55*55,  Hnorine  3*77=101*58.  Sometimes  both  calcium  chloride  (GaCla),  and  calcium 
fluoride  (CaFa),  are  present. 

Pyr.,  etc. — B.B.  in  the  forceps  fuses  with  difficulty  on  the  edges  (F.=4'5^),  coloring  the 
flame  reddish-yeUow  ;  moistened  with  sulphuric  acid  and  heated  colors  the  flame  pale  bluish- 
green  (phosphoric  acid) ;  some  varieties  react  for  chlorine  with  salt  of  phosphorus,  when  the 
bead  has  been  previously  saturated  with  copper  oxide,  while  others  give  fluorine  when  fused 
with  this  salt  in  an  open  glass  tube.     Gives  a  phosphide  with  the  sodium  test. 

Dissolves  in  hydrochloric  and  nitric  acid,  yielding  with  sulphuric  acid  a  copious  precipitate 
of  oaldnm  sulphate  ;  the  dUute  nitric  acid  solution  gives  with  lend  acetate  a  white  precipi- 
tate, which  B.  B.  on  charcoal  fuses,  giving  a  globule  with  crystalline  facets  on  cooling.  Some 
Tmrieties  of  apatite  phosphoresce  on  heating. 

nflf. — Characterized  by  its  hexagonal  form.  Distinguished  by  its  softness  irom  beryl ; 
does  not  effervesce  with  acids  like  the  carbonates  ;  imlike  pyromorphite,  yields  no  lead  B.B. 

OImu — Apatite  occurs  in  rocks  of  various  kinds  and  ages,  but  is  most  common  in  metamor- 
phio  crystalline  rocks,  especially  in  granular  limestone,  granitic  and  many  metalliferous  veins, 
particularly  those  of  tin,  in  gneiss,  syenite,  horublendic  gneiss,  mica  schist,  beds  of  iron  ore ; 
occasionally  in  serpentine,  and  in  igneous  or  volcanic  rocks ;  sometimes  in  ordinary  stratified 
limestone,  beds  of  sandstone  or  shale  of  the  Silurian,  Carboniferous,  Jurassic,  Cretaceous,  or 
Tertiary  formations ;  also  in  microscopic  crystals  in  many  igneous  rocks,  doleryte,  eta  It 
has  been  observed  as  the  petrifying  material  of  wood. 

Among  its  prominent  localities  are  Ehrenfriedersdorf  in  Saxony ;  region  of  St.  Gk>thard 
in  Switzerland;  Mussa-Alp  in  Piedmont;  Untersulzbachthal  and  elsewhere  in  the  Tyrol: 
Bohemia ;  in  England,  in  Cornwall,  with  tin  ores ;  iu  Cumberland  ;  in  Devonshire  ;  at  Wheal 
Franco  {fnmeolite),  eta  The  variety,  moraxUe^  occurs  at  Arendal,  Snarum,  etc..  in  Norway. 
The  agparngui  stone  or  Spargektein  of  Jumilla,  in  Murcia,  Spain,  is  pale  yellowish-£p:Den  in 
color ;  and  a  variety  from  Zillerl^hal  is  wine-yellow.  The  pho»phorite,  or  massive  radiated 
variety,  is  obtained  abundantly  near  the  junction  of  granite  and  argillyte,  in  Estremadura 
Spain  :  at  Scblaokenwald  in  Bohemia ;  at  Krageroe,  etc. 

In  Mass.,  at  Norwich;  at  Bolton,  and  elsewhere.  In  yew  York,  in  St.  Lawrence  Co.,  in 
gnnolar  limestone;  in  Rossie;  Sanford  mine,  Essex  Co.;  near  Edenville.  Orange  Co.  In 
19'ew  Jersey,  near  Suckosunny,  ;  Mt  Pleasant  mine,  near  Mt.  Teabo ;  at  Hurdstown,  Sussex 
Co.  In  l^enn,,  at  Leiperville,  Delaware  Co.;  in  Chester  Co.  In  Delaware  yt^t  Dixon^s  quarry, 
Wilmington.  In  Canada^  in  North  Elmsley,  and  passing  into  South  Burgess ;  siniilar  in 
Boss ;  at  the  foot  of  Calumet  Falls ;  at  St.  Boch,  on  the  Achigan. 

Apatite  was  named  by  Werner  from  kvarJM,  to  deceive,  older  mineralogists  having  referred 
it  to  aquamarine,  chrysolite,  amethyst,  fluor,  schorl,  etc 

OsTEOLiTB  is  massive  impure  idtered  apatite.  The  ordinary  compact  variety  looks  like 
lithographic  stone  of  white  to  gray  color.     It  also  occurs  earthy.     Hauau. 

OUANO — Guano  is  bone-phosphate  of  calcium,  or  osteolite,  mixed  with  the  hydrous  phos- 
phate, brushite,  and  genendly  with  some  carbonate  of  calcium,  and  often  a  little  magnesia, 
alumina,  iron,  silica,  gypsum,  and  other  impurities.  It  often  contains  9  or  10  p.  c.  of  water. 
It  is  often  granular  or  oolitic ;  also  compact  through  consolidation  produced  by  infiltrating 
waters,  in  which  case  it  is  frequently  lamellar  in  structure,  and  also  occasionally  stal  igmitio 
and  stalactidc.  Its  colors  are  usuidly  grayish- white,  yellowish  and  dark  brown,  and  some- 
times reddish,  and  the  lustre  of  a  surface  of  fracture  earthy  to  resinous. 
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Phosphatio  NoDULsa  CoPKOLiTsa—Phoephatio  nodules  ooonr  in  many  f oMilif erooi 
rocks,  which  are  probably  in  all  cases  of  organic  origin.'  They  sometimes  present  a  spinl  or 
other  interior  stmctare,  derived  from  the  animal  organization  that  afforded  them,  and  in 
snch  cases  their  coprolitio  origin  is  unquestionable.  In  other  cases  there  is  no  stmctnxe  toaid 
in  deciding  whether  they  are  true  coprolites  or  not. 

PYROMORFUITU    GrOnbleiers,  Oernu 

Hexagonal.  Ilemihedral.  O  A 1  =  139°  38' ;  <5  =  0-7362.  Cleavap: 
1  and  1  ill  traces.  /  ooinmonly  striated  horizontally.  Often  globnlar, 
reniform,  and  botryoidal  or  verruciform,  with  usually  a  subcolnnmar  strac- 
ture ;  also  fibrous,  and  granular. 

H.=3-5-4.  G.=6*5-7*l,  mostly  when  without  lime;  5-6'5,  when  con- 
taining lime.  Lusti-e  resinous.  Color  green,  yellow,  and  brown,  of  differ- 
ent shades;  sometiiries  wax-yellow  and  fine  orange-yellow;  also  grayish- 
white  to  milk-white.  Streak  white,  sometimes  yellowish.  Snbtransparent 
— subtranslucent.     Fracture  subconchoidal,  uneven.     Brittle. 

Comp. — Analogous  to  apatite,  SPbaPaOa +PbCl«= Phosphorus  pentoxide  15*71,  lead  onde 
82*27,  chlorine  2*02 =100*60.  Some  varieties  contain  arsenic  replacing  part  of  the  phosi^onii, 
and  others  calcium  replacing  the  lead. 

Pyr.,  etc. — In  the  closed  tube  gives  a  white  sublimate  of  lead  chloride.  B.B.  in  the  foroepi 
fuses  easily  (F.=1'5),  coloring  the  flame  bluish-grreen  ;  on  charcoal  fuses  without  reducUon 
to  a  globule,  which  on  cooling  assumes  a  crystalline  polyhedral  form,  while  the  cosJ  is  costod 
white  from  the  chloride,  and,  nearer  the  assay,  yellow  from  lead  oxide.  With  soda  on  chaiooal 
yields  metallic  lead  ;  some  varieties  contain  arsenic,  and  give  the  odor  of  garlic  in  R.F.  on 
charcoal.  With  salt  of  phosphorus,  previously  saturated  with  copper  oxide,  gives  an  anre- 
blue  color  to  the  flame  when  treated  in  dF.  (chlorine).     Soluble  in  nitric  acid. 

Diff. — Characterized  by  its  high  specific  gravity,  and  pyrognosUcs. 

Obs. — Pyromorphite  occurH  principally  in  veins,  and  accompanies  other  ores  of  lead.  Oocon 
hi  Saxony  ;  at  Przibram,  Mies,  and  Bleistadt,  in  Bohemia ;  near  Freiberg  ;  Clausthal  in  the 
Harz  ;  at  Nassau ;  Beresof  in  Siberia ;  Cornwall,  Derbyshire,  and  Cumberland,  in  England; 
Leadhills  in  Scotland  ;  Wicklow,  and  elsewhere,  Ireland.  In  the  U.  S.  at  Phenixville,  Penn.; 
also  in  Maine,  at  Lubec  and  Lenox ;  in  Davidson  Co.,  N.  C. 

The  figures  produced  by  etching  (see  p.  118)  show  that  pyromorphite  is  hemihedxal  like 
apatite  (Baumhauez). 

Named  from  irhpy  fire^  tt-ofxpii,  form^  alluding  to  the  crystalline  form  the  globole  assumei  on 
cooling. 

MIMETITB.    JMiimetesite. 

Hexagonal.     6>Al  =  139°   58';  c  =  0-7276.      Cleavage:  1,  imperfect- 

II.=3-5.      G.=7-0-7-25,   niimetite;    5-4:-5-5,  hedy- 
671  phane.     Lnstie  resinous.     Color  pale  yellow,   passing 

into  brown;  orange-yellow;  white  or  colorless.    Streak 
white  or  nearly  so.     Subtraiisparcnt — transhiceut. 

Comp. — Formula  SPbjAsaOg-f-PbCla^ Arsenic  pcntoxide  :M-20, 
lead  oxide  74-96,  chlorine  2 '39 =100  55.  Generally  part  of  the 
arsenic  is  replaced  by  phosphorus,  and  often  the  lead  in  part  by  cal* 
cium. 

Pyr.,  etc.— In  the  closed  tube  like  pyromorphite.  B.  B.  fuses  at  1, 
and  on  charcoal  gives  in  R.F.  an  arsenical  odor,  and  is  easily  reduced 
to  metallic  lead,  coating  the  coal  at  first  with  lead  chloride,  and 
later  with  arsenous  oxide  and  lead  oxide.  Gives  the  chlorine  reso- 
tioiis  as  under  pyromorphite.  Soluble  in  nitric  acid. 
Obs. — Occurs  at  several  of  the  mines  in  Cornwall ;  in  Cumberland.  At  St.  Prix  in  France, 
ftt  Johanngeorgenstadt ;  at  Nertschinsk,  Siberia.     At  the  Brookdale  mine,  Phenixville,  Pa. 
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letite  Ib  hemiliedral  like  apatite  and  pyromorphite,  as  shown  hj  etching  (Banmhaner). 

Led  from  fiifinriiSt  imitator,  it  doaely  xeMmbling  pyromorphite. 

kTPHANS. — A  yarietj  contiedning  much  osJciam.    Gamptlits  oontaina  mooh  lead  pho» 


VANADINITB. 

sxagonal.  In  simple  hexagonal  prisms,  and  prisms  terminating  in 
«  of  the  pyramids ;  1  A 1,  over  terminal  edge,  142°  58',  Oa1  =  140** 
Ta  1  =  130°.  Usually  in  implanted  globules  or  incrustations. 
=2-75-3.  (t.= 6-6623-7.23.  Lustre  of  surface  of  fracture  resinous. 
•  light  brownish-yellow,  straw-yellow,  reddish-brown.  Streak  white  or 
wmx.  Subtrauslucent — opaque.  Fracture  uneven,  or  flat  conchoidal. 
[e. 

ip,—Fonnula  SPbiVaOa-l-PbOla = Vanadium  pentoxide  19*86,  lead  oxide  78*70  chlorine 
100-56. 

.,  etc. — In  the  closed  tube  decrepitates  and  yields  a  faint  white  sablimate.  B.B.  fuses 
and  on  charcoal  to  a  black  lustrous  mass,  which  in  R.F.  yields  metallic  lead  and  a  coat- 
chloride  of  lead ;  after  completely  oxidizing  the  lead  in  O.F  the  black  residue  given 
lit  of  phosphorus  an  omerald-g^een  bead  in  R.F.,  which  becomes  light  yeUow  in  O.F. 
/he  chlorine  reaction  with  the  copper  test.  Decomposed  by  hydrochloric  acid, 
trie  acid  be  dropped  on  the  crystals  they  become  first  deep  red  from  the  separation  of 
am  pentoxide,  and  then  yeUow  upon  its  solution. 

— This  mineral  was  first  discovered  at  Zimapan  in  Mexico,  by  Del  Bio.     Since  obtained 
ilockhead  in  DumfriesBhire ;  also  at  Beresof  in  the  Ural ;  and  near  Kappel  in  Carinthia. 


BEinTB. — PbYsOa  (or  with  some  Zn)=yanadium  pentoxide  46*1,  lead  oxide  54*9=100. 

e.    Color  deep  red.     Dahn,  near  Niederschlettenbaoh,  Rhenish  Bavaria.     Freiberg  in 

&u  {eu9!/nehite). 

aLOiziTB.—PbaV,OT= Vanadium  pentoxide  29  1,  lead  oxide  70*9=100.   Orthorhombic. 

America.     Wheatley  Mine,  Penn. 

EiBRrrE  (FrenzeL). — Orthorhombic,  near  brookite  in  form  {Websky).    Occurs  in  small 

ted  crystals.     Color  reddish- brown.     In  composition  a  bismuth  vanadate,  BiV04= 

ium  pentoxide  28*3,  bismuth  oxide  71*7.    Pucher  mine,  Schneebeig,  Saxony. 


^OELFTE. — Occurs  in  thin  micaceous  scales,  arranged  in  stellate  or  fan-shaped  groups, 
lark  brownish-green.  Soft.  G.=2  9a8  (Genth) ;  2*902  (Boecoe).  Analyses:  1.  Bos- 
roc.  Boy.  Soc.,  May  10,  1876);  2.  Genth  (Am.  J.  Sci.,  July,  1876). 

810,      VaOs  AlO,      FeO,  MnO,    MgO     CaO      KoO    Na,0      H  O 

tl*25      28*60  14*14      113  115      2*01      061      8*56      0*82       108 

moisture  2  27=101  02 

t7-69      22  02V6O,i      14*10      167  FeO       2*00       ti.       7*59      0*19ign.4*96 

0*85  gangue=100-22 

above  analyses,  made  upon  material  derived  from  the  same  source,  differ  widely, 
illy  in  regard  to  the  state  of  oxidation  of  the  vanadium.  Genth  makes  it  V60ii  = 
VaOs.  The  formula  given  by  Roscoe  is  2MVaOa  +  K4Si0Oao-T-aq.  Found  in  fissures  in 
trphyry,  and  in  cavities  in  quartz  at  the  gold  mine  at  Granite  Creek*  £1  Dorado  Ca, 
Blamed  by  Dr.  Blake,  who  discovered  it. 
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DESOSIPnyili  MIN£KALOar. 


WAONBRITB. 

^  Monoclinic.  O  =  71*^  53',  /A  /=  95°  25',  O  A  It  =  144°  25',  B.  AM.; 
c  :  J  :  <i  =  0*78654  : 1'045  :  1.  Most  of  the  prismatic  planes  deeply  striated. 
Cleavage :  I^  and  the  orthodiagonal,  imperiect ;  O  in  traces. 

H.=5-5-5.  G.=3-068,  transparent  crystal;  2*985,  uutmnsparent,  Sam- 
melsberg.  Lustre  vitreous.  Streak  white.  Oolor  yellow,  of  difFerent 
shades  ;  often  grayish.  Translucent.  Fracture  uneven  aud  splintery  acroei 
the  prism. 

Comp. — ^MgsP30t+MgFs=Pho8phora8pentozide  43*8,  magnesU  87*1,  flaorine  ll'TyOUf* 
nemum  7*4 =100. 

Pyr.,  etc. — B.B.  in  the  fozoeps  fosAs  at  4  to  a  greenish-gn^y  glass ;  moistened  with  ralplni- 
rio  acid  colors  the  flame  blimh-green.  With  borax  reacts  for  iron.  On  fusion  with  lods 
effervesces,  bat  is  not  completely  dissolved  ;  gives  a  faint  manganese  reaction.  Fused  witii 
salt  of  phosphorus  in  an  open  glass  tube  reacts  for  flaorine.  Soluble  in  nitno  and  hjdio- 
ohloric  acids.     With  salpharic  acid  evolves  fames  of  flaohydric  acid. 

Obs.— Occurs  in  the  valley  of  Hollgraben,  near  Werfen,  in  Salzburg,  Austria. 

KjERULFiNB  (9.  KohdX). — Stands  near  wagnerite,  but  exact  nature  uncertain.     In 
of  a  pale  red  color  at  Bamle,  Norway. 


MONAZrri!. 


Monoclinic. 


era 
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t7==  76*  14',  /A  7=93^  10',  O  A 14  =  138*^  8';  c :  J : a 

=  0-94715  : 1-0265  :  1.  Cm- 
tals  usually  flattened  parallef  to 
iri,  Cleava^ :  O  yevy  perfect, 
and  brilliant.  Twins:  twin- 
ning plane  O. 

H.  =  5-5-5.  G.  =  4-9-5-26. 
Lustre  inclining  to  resiuooa. 
Color  brownish-hyacinth-red, 
clove-bi-own,  or  yellowish- 
brown.  Su  l)tran8partMit — Bub- 
trans lucent.     Kather  brittle. 


Norwich,  Ct. 


Wfttertown,  Ot 


Comp. — According  to  Bammelsbeif , 
5R,P80,  +  Th,P,09,  where  R=Ce,Li, 
Di.      AnalysiB   by    Kersten,    Slatoost, 


P.Oft  28  -50,  ThOa  17  -95,  SnO,  2 10,  CeO  26  00,  LaO  2340,  MnO  1  86,  CaO  1  68,  K.O  and  TiO« 
tr.= 101 -49. 

"Pyr,,  etc. — B.B.  infusible,  turns  gray,  and  when  moistened  with  sulphuric  acid  colon  the 
flame  bluish-green.  With  borax  gives  a  bead  yellow  while  hot  and  colorless  on  cooling ;  i 
saturated  bead  becomes  enamel-white  on  flaming.     Difficultly  soluble  in  hydrochloric  add. 

Difif. — Its  brilliant  basal  cleavage  is  a  prominent  character,  distinguishing  it  from  tila- 
nite. 

Obs.—Monazite  occurs  near  Slatoust  in  the  Ilmen  Mtn.  ;  also  in  the  Ural ;  near  NoterS  in 
Norway ;  at  Schreiberhau.  In  the  United  States,  with  sillimanite  at  Norwich  ;  at  Yoiktovn, 
Westchester  Co.,  N.Y.;  near  Crowder's  Mountain,  N.  C. 

Named  from  /io»  aCw,  to  be  aoHtaryy  in  allusion  to  its  rare  occurrence. 

TuRNEKiTE. — Identical  with  monazite,  as  first  suggested  by  Prof.  J.  D.  Dana.  Oooon  ii 
minute  yellow  to  brown  crystals,  rarely  twins,  at  Mt  Sorel,  Danphiny ;  Santa  Brigxitta, 
Tavetvsch  ;  Lcrcheltiny  Alp,  Binnenthal;  Laacher  See  (v.  Rath.),  c  :  b  :  <i= '921696  :  1 : 
0-95.S-144.      C.  =17°  18'  (Trechmann). 

KoKARFVEETE  {Rodoinirufki) . — A  cerium  phosphate  containing  flaorine;  near  monaato. 
Occurs  in  large  crystalline  masses  of  a  yellowiah  color  at  Sorarfot  near  Fahlun^  Swedan. 
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TBIPBTVPTB.    Td^ylUis, 

Orthorhombio.     I A  7=  98°,  OM-l  —  129°  S3',  TBchorraak ;  iilid 
1'311  :  1*1504  : 1.      Faces  of   crystals   usually  tmeren. 
Cleavage :     O    nearly    perfect    iii    unaltered    crystals. 
Uassive. 

H,=5.     G.=8-54-8-6.     Subreainoiis.     Color  greenisb- 

gray ;    also  bluish  ;    often    bn>wiiiBli -black    externally, 
troak  gray isb- white.     Translucent  in  tliiii  fragmente. 

Oomp.~BiP,Oi,  where  R=Fe,  Hn,  (Ca)  and  Li,  [E,.  NaO-  Analj'aU 
b7  OMtea,  from  BodeiiiDMt,  PiO,  4410,  FeO  SS'31.  MnO  S'63.  MgO 
1«»,  C»0  076,  LijO  7-69,  N»,0  074,  K,0  0-04,  SiO^  0  40  =  10005. 
The  anBljsea  vat;  maoh,  owing  to  the  impure  material  employed. 

Pyi'^  eto.— In  the  olosed  tabs  sometimMi  deciepitateB.  tunu  to  a  Konrioh, 

dart  oolcr,  and  givei  off  traoea  of  watet.     B.B.  fiutea  at  1  S,  colormg 

the  flame  beantifol  UtUa-red  In  atreakg,  with  a  pole  blnish-green  oo  the  exteiioi  of  the  cone 
ct  flame.  The  ooloratioD  of  the  flame  is  best  seen  when  ^le  pulverized  mineral,  moistened 
with  tnlphurio  acid,  is  treated  on  a  loop  of  platinnm  wire.  With  borax  gives  an  iron  bead  j 
witti  Boda  a  roujtion  for  manganese.     Botable  in  bydrocbbiia  add. 

Obs Triphjlite  oooaia  at  Babenltein  oear  Zwiesel  in  Bavaria ;  also  at  Eeityo  in  Finlaud ; 

Norivich,  Haa. 

Named  from  Tpi(,  thrM-fM,  and  ftA^i  family.  In  allusion  to  its  oontainiog  three  phoa- 
States. 

TBIFI^m.     ZwIeselUe. 

Ortborbombic,  Imperfectly  crystalline.  Cleavage:  nneqaal  in  three 
directions  perpendicular  to  each  other,  one  niiicli  the  most  distinct. 

H.=5-55.  G.=344-38.  Lustre  resinous,  inclining  to  adamantine. 
Color  brown  or  blackisb-brown  to  almost  black.  Streak  yellowish -gray  or 
brown.     Subtransluceut — opaque.     Fracture  small  conchoidal. 

Oomp.-'B.PiO.-fBF,;  R=Fe,  Mn(Ca).  AnalTBia.  v.  EobeU,  Schlackenwald,  F,0.3S-8S, 
IfaOiS'M,  FeO  38-88,  HnO  30  00,  CaOS'20,  Ug0  81}5,  F=B'10 =10108. 

Pyr,,  etc. — B.B.  fnsea  easily  at  1-5  to  a  black  magnetio  globule;  moistened  with  enlphurio 
Msid  colors  the  flame  blnisb-green.  With  borax  in  O.F.  ^ves  tta  amethystine  colored  glass 
(manganese);  in  E.F.  a  strong  reaction  for  iron.  With  soda  reacts  tormanganese.  With 
mlphnrio  acid  evolves  fluohjdric  acid.     Soluble  in  hydrochloric  acid. 

Ob* Found  by  Allnand  at  Limoges  in  France,  with  apatite;  at  Peilaa  in  Silesia. 

Ztdt*elile.  a  olove-brown  variety,  was  found  near  Babeostein,  near  Zwiesel  in  Bavazia,  in 
qtwits  (a.=8-9T,  Fncha). 

Sabcopbidb.— Near  trii^te.     Tnlley  of  the  Hiihlbach,  Silesia, 


AUBLTOONTTB. 

Triclinic,  Cleavage:  O  perfect;  i-i  nearly  perfect,  angle  between  these 
cleavE^es  104^°  ;  also/impei-fect.  Usnally  massive,  cleavable ;  sometiraeb 
coliimuar. 

H.=:6.  C=3-8-ll.  Lnstre  pearly  on  face  of  perfect  cleavage  (0); 
ritreous  on  t-i,  less  perfect  cleavage-fece  ;  on  cross-fracture  a  little  greasy. 
Color  pale  mountain  or  sea-green,  white,  grayish,  brownish-white.  Sub* 
tmnsparent — translucent.  Fracture  ni;evei].  Optical  axes  very  divergent ; 
plane  of  axes  nearly  at  right  angles  toi-i;  bisectrix  of  the  acute  angle 
oegativfl,  and  parallel  to  the  edge  O /iA,\  DesCL 


818 


DBSGBIPnyB  IHNEBALOOT. 


675 


Oomp.— Aooording  to  Bammelsberg,  2AlPs08+8Li(Na)F.     If  Ka :  Li=l  :  4,  the  fomudi 

requires :  Phosphorus  pentoxide  49*24,  alumina  85*58,  lithia  6'24,  soda 
8-23,  fluorine  9-88=104-17. 

Pyr.,  etc. — In  the  closed  tuhe  yields  water,  whioh  at  a  high  heat  ii 
acid  and  corrodes  the  glass.  B.  B.  fuses  eadlj  at  2,  with  iniameMcnet, 
and  becomes  opaque-white  on  cooling.  Colon  the  flame  yellowish-ni 
with  traces  of  green;  the  Hebron  variety  g^vesan  intense  lithia-ied; 
moistened  with  sulphuric  acid  gives  a  bluish-green  to  the  flame.  With 
cobalt  solution  assumes  a  deep  blue  color  (idumina).  With  bona  tol 
salt  of  phosphorus  forms  a  transparent  colorless  glasa.  In  fine  powdir 
dissolves  easily  in  sulphuric  acid,  more  slowly  in  hydrochlorio. 

Diff. — Distinguished  by  its  easy  fusibility ;  reaction  for  flaodne  and 
lithia ;  greaaj  lustre  in  the  mass,  eta 

Obs. — Occurs  at  Chursdorf  and  Amsdorf,  near  Penig  in  Saxony;  afao 
at  Arendal,  Norway.  In  the  U.  States,  in  Maine,  at  Hebron  (hefaroiiite)| 
imbedded  in  a  coarse  granite  with  lepidolite,  albite,  quarts,  red,  grsfli, 
and  black  tourmaline ;  also  at  Mt.  Mica  in  Paria,  8  xn.  from  H&raa, 
with  tourmaline. 

The  name  is  firom  aftpXitg,  bluntt  and  y6vt\  anffie. 
Hbbbonitb. — The  mineral  from  Hebron,  Me.  (see  above),  hai  bea 
shown  by  DesGloizeaux  to  differ  in  optical  character  (v  >  p)  from  tfaa 
Penig  amblygonite.  On  this  ground,  as  well  as  on  account  of  a  vaziatiai 
in  the  composition^  it  has  been  proposed  (v.  Kobell)  to  make  it  a  new  species.  The  aama 
optical  character  and  compoidtion  belong  to  the  mineral  from  Montebras  (called  munMfmiU 
on  the  basis  of  an  erroneous  analysis).  Analysis  of  hebronite,  Pisani,  PtO»  46'65,  M)i 
8600,  LiaO  9-75,  H,0  4*20,  F  5-22=101 -82. 

Herderite. — Supposed  to  be  an  uihydrous  aluminum-calcium  phosphate,  with  flnooaa 
Color  yellowish-white.     Ehrenfriedersdorf. 

DuRANGiTE.— Monoclinic.  Cleavage  prismatic  (110**  10).  H.=6.  G.  =8*987-4 •07.  Cote 
bright  orange-red.  Analysis,  Hawes,  Arsenic  pentoxide  58*11,  alumina  17*19,  iron  aesqni- 
oxide  9*23,   manganese  sesquioxide  208,   soda  18*06,   lithia  0*65,  fluorine  7*67=102*90. 

Formula  BallAsiOs  (with  one-ninth  of  the  oxygen  replaced  by  fluorine),  or  &ABtOt+2BF. 
Here  B=Na  :  Li=10  : 1 ;  ft=:M  :  Fe  :  Mn=15  :  5  :  1.  Other  varieties,  having  a  lighter  oote, 
have  lU  :  Fe=5  :  1.    Occurs  with  cassiterite,  near  Durango,  Mexico  (Brush). 


Hebronite,  Maine. 


Anhydrous  Antimonates. 


MoNiMOLiTB. — Mainly  an  an timon ate  of  lead.     Yellow.     G.=5'94.     Paiabezg,  Swedes. 

Nadoritb.— PbSbaO^  +  PbCla.  In  yellow  translucent  crystals.  H.=8.  G.=7'02.  Djebd- 
Nador,  province  of  Constantine,  Algiers. 

ROMEITE.  — ^An  antimonate  (or  antimonite)  of  calcium.  Occurs  in  groupe  of  minute  tetzi* 
goual  crystals.     Color  yellow.     St.  Marcel,  Piedmont. 

RivoTiTE. — Contains  antimonic  oxide,  carbon  dioxide,  and  copper.  Atnorphont.  Goto 
yellowish-g^een.     Sierra  del  Cadi. 

Btibioferrite. — Amorphous  coating  on  stibnite,  from  Santa  CJlara  Co.,  Gal.    lGztiire(?). 


Hydboub  Phosphatbs,  Absenates,  bto. 


PHARMACOIJTB. 


Monoclinic.  /A  /=  111°  6',  i-l  A  i-2  =  109°  26',  1  A 1  =  lir  24'. 
Cleavage :  iA,  eminent.  One  of  the  faces  1  often  obliterated  by  the  exten- 
sion of  the  other.  Surfaces  i-i  and  i-2  usually  striated  parallel  to  their 
mutual  intersection.  Karely  in  ciystals;  commonly  in  delicate  silky  fibre* 
or  acicnlar  crystallizations,  in  stellated  groups.  Also  botryoidal  and  stalac* 
titic^  and  sometimes  massive. 
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H.=2-2'5.     G-.=:2-64-2-73.     Lostre  vitreous ;  on  i-i  inclining  to  pearly 
Oolor  white  or  grKjieh ;  frequeiitlv  tinged  red 
by  arsenate  of  i,-ohalL     Streak  wnite.     Trana- 
lacent — opaque,     f  ractare  uneven.     Thin  laini* 
ne  flexible. 


Oomp.— 2HCaAsO(+6aq=Aneiiio  pentoxlde  611,  lima 
S4-9,water240  =  lC0. 

Pyr.,  ate. — In  the  doaed  tube  yieldi  w>tar  and  becomea 
opwine.  B.B.  inO.F.  foseawitb  intnnieMeaoe  to  »  white 
•nainel,  and  colon  the  flame  light  blue  (aiseoic).     On  obar- 

onlin  R.F.  givei  areenioal  famet,  and  faaea  to  a  lenii-traiiaparentglabuleiEometfmeB  tinged 
Una  from  traces  of  cobalt.  The  ignited  mineral  reooti  alkaline  to  teat  paper.  Insoluble  in 
water,  bat  readil;  aoluble  in  acida. 

Obi.—  Foand  with  siBeoical  ores  of  cobalt  and  ailvei  at  Wittiohen,  Baden ;  at  AudreBBbety, 
■ad  at  Biechelsdorf  and  Bteber  ;  at  Joasbimstbal. 

This  speoies  was  named,  in  allnsioii  to  its  containing  anenio,  from  ^ 

Btbttvite.^ — An  ammonia  m-magnesiam  phosphate  cont 
gnftno  from  Saldonha  Bay,  Africa. 

Haidinobbite. — HCaAaO<+aq.= Anenio  pentoxide  S 
JoachimHtbol  (f). 

BBC9EiTE.~H0aPO,(E|P,Ot)+3aq=Phoephoins  pentoiide  41 '3,  lime  S 
lOIX     Monodinio.     G.=2-90B.    On  gnano  at  Avaa  I^and  and  Sombrero. 

Hetabiiushite.— 3HCaFO(+Saq.  Q.=a*8S.  Sombrero.  ORNirHRITK.  Piobablj  altered 
bnubite. 

CauBCiiiTB.— R,P>0.+4aq,  with  B=Ce(Di),Ca.     Comwaa 

Wapplebitb  [Frenul). — Trlclinic.  In  minate  orTstaJa  and  in  InoroHtatianB.  Color  white. 
OompOBtion  H[Ca,Ug)AsO(+Taq  =  (Oa  :  Mg=4  :  3)  arseuie  pentoxido  487,  lime  13-5,  mag- 
naais  7D,  water  30  5  =  100.  Found  with  pharmacolibe  at  Joaohimsthal.  Sohiauf  states  thai 
rantriM  is  a  psendomoipb  after  wapplerite. 

HcEBNBStTB. — Uonoollnio.  Color  snow-white.  OomposiUDn  MgiAB]0i+8aq.  From  the 
Banat. 

PlCBOrHABiCACX>LrrK. — Monoolinia     Cai(Hgi)AsiOi+6aq.     Bleohelsdorf ;  Fieibei^ 


,  lime  28-3,  water  13-6=100. 
2-6,  water  61= 


VlVlAMlTfi. 

Monocliniiv     O  =  75°  34',  T^  /=  lOS"  2',  1  M  =  120° 
•935793  :  1-33369  : 1 ;  v.  Rath.    Surface  t-i  amooth,  otiiers 
striated.     Cleavage :   t4,  highly  perfect ;  t-t  and  i-i  in 
traces.     Often  reniform  and  globular.     Structure  diver- 
gent, fibrous,  or  earthy ;  also  incmatiiig. 

H.=^l-5-2.  G.=2-58-2-68.  Lustre,  iA.  pearly  or  me- 
tallic pearly ;  other  facea  vitreons.  Color  white  or  color- 
less, or  nearly  so,  when  unaltered  ;  often  blue  to  green, 
deepening  on  exposure;  nsiially  green  when  seen  per- 
pendicularly to  the  cleavage -face,  and  blue  transvei-sely; 
the  two  colorB  mingled,  producing  the  ordinary  dirty  blue 
color.  Streak  colorless  to  bluiah-white,  siKtn  changing  to 
indigo-blue;  color  of  the  dry  powder  often  liver-Drown. 
Transparent — translucent;  becoming  opaque  on  expo- 
sure. Fracture  not  observable.  Thin  laminte  flexibl<2. 
Sectile. 


Oompr— FeiPiOt-l-8aq=Pboaphonia  pentozide  28-3,  iron  protoxide  43-0,  watar  SS-T: 


S50  DBBOBtpnrs  ioneraloot. 

Fyr.,  eto. — In  the  oloaed  tabe  jieldH  nentral  water,  whitens  and  exftJUtes-  B.B.  fiunit 
1  B,  coloring  the  flame  blnish-green,  to  u  grayiah-black  magnetic  ^obnle.  With  the  flniM 
reacts  (or  iron.     Soluble  in  hf&ochlorio  acid. 

Dlfd^DisCinguiBbiiig  churftcter* :  deep-blue  oolor;  softness;  aolabllity  in  Add. 

Obi. — Occurs  associated  with  pyrrhotite  imd  pyrita  in  copper  and  tin  Teina;  inbcdid 
clay,  and  Bometimes  associated  with  linionit«,  oi  bog  iron  ote ;  often  in  c«Titiea  of  foMili «     ' 
buried  bones.     Occurs  at  Wheal  Falmouth,  and  elsewhere  in  Cornwall ;  in  DeToiuhiie,  nest 
Tayistook;  at  Bodenmais.     The  earthj  variety,  cailed  blue  iron  mrlA  or  Tiaiioa  I'rvttim  iiu 
oocnrs  in  OreenUnd,  Carinthia,  Cornwall,  eto.     At  Cransoo,  France. 

In  N.  America,  it  occors  in  ^f^e  Jenry,  at  Allentown  ;  at  Franklin.  Also  in  JMmmk,  MB 
Middletown  ;  near  Cape  Henlopen.  In  Maryland^  in  the  north  part  of  Someraet  aad  W«r 
caster  Coe.     La  Virginia,  in  Stafford  Co.     In  Canada,  with  limonite  ftt  Vandimil,  abnadat 

LuDLAMiTK  (FirfdJ.^Monoolioia  H.=84.  G.=8'12.  Color  clear  green,  from  pskt» 
dark.  Transparent,  brilliant.  CoinpOBitioQ2FeiF.Oi+H,FeO,-t-§aq=:Phaaphonupenl«iidi 
26-86,  iron  protoxide  63  W,  water  17-09=100.     ComwaU. 

BRTraBTm.    Cobalt  Bloom.    KobaltblBthe,  Otrm. 

MonocHnic  C  =  70°  54',  /A  T-  11 1°  16'  C>  A  l-i  =  146"  19' ;  <! :  J :  i 
=  0-9747: 1-3818  :  1.  Surfaces  i-i  and  l-»  vertiodly 
striated.  Cleavage :  t-i  highly  perfect,  i-i  and  It  indi» 
tinct.  Also  in  globular  and  reuiform  shapes,  havings 
dnisy  surface  and  a  columnar  structure ;  eometimea  stel- 
late.    Also  pulverulent  and  earthy,  incnieting. 

H.=l-5-2-5  ;  the  lowest  on  i-l.  G.=2-948.  Lcstre 
of  i-i  pearly ;  otlier  faces  adamantine,  inclining  to  titre- 
oue ;  also  aiill  and  earthy.  Color  crimson  and  peairb- 
red,  Bometiines  pearl-  or  greenish-gray ;  red  tint*  incline 
to  blue,  perpendicular  to  cleavage-face.    Streak  a  little 

Ealer  than   the  color  ;  the  di-y  powder  deep  lavender- 
lue.     Transparent — subtranslueent.     Fracture  not  o\y- 
Schneebeig.  servablc.    Thin  laminse  flexible  in  one  direction.    Seiriile. 

Oomp.— CoiAn,0>-t-8aq  =  Araenic  pentozide  38'40,   cobalt  oxide  87-96,  water  24  04;  Co 

often  partly  replaced  hy  Fe.Ca,  or  Ni. 

Pyr,,  etc.— In  the  closed  tabe  yields  water  at  a  gentle  heat  and  tnma  bluish ;  at  a  higber 
heat  gives  olf  arsenoos  oxide,  which  condenses  in  crystals  on  the  cool  glass,  and  the  readne 
has  a  dark  gray  or  black  color.  B.B,  in  tho  forceps  fnaes  at  3  to  a  gray  beaid,  and  colon  iha 
flame  light  blue  (orsCDic).  B.B.  on  charcoal  gives  an  arsenical  odor,  and  fnses  to  a  dark  gaj 
arsenide,  which  with  boru  gives  the  deep  blue  color  cbaracteristio  of  cobalt.  Solubtein 
hydrochloric  acid,  giving  a  rose-red  solution, 

Obs.— Occurs  at  Schneeberg  in  Sanony  ;  at  Raalfeld  in  Thnringia ;  Wolfaoh  and  Wittkhea 
In  Baden;  Hodam  in  Norway;  at  AUemont  in  Dauphiny;  in  Cornwall,  at  the  BotallMk 

Erythrite,  when  abnttdani,  is  TiUoable  forthe  mannfactare  of  smalb  Named  from  Ifttit, 
red. 

BosELlTE,— Triclinic  (Schmnf).  Usnallj  in  complex  twin  crystals.  H.=3'5.  0.:=3-e88 
-3-738.  Color  rose-red.  Composition  R,As,0.-)-aaq(orSBq),  withB=CB,Hg,  and  Co.  Ana- 
lysis. Winkler,  Ab.,0.  40  B6,  CoO  1245,  CaO  2373.  MgO  4*7,  H,0  9-6B  =  100-49.  Fonnd  at 
Schneeberg.  Saxony  ;  the  crystals  from  the  Daniel  Mine  have  a  lighter  color  than  thoM  (d  tbs 
Eappold  Mine,  the  latl«r  containing  less  cobalt  and  more  calciom. 

WiNKi-EBrrB.— Contains  AB50.,Ca,€o,Fe.Co.Ni,Ca,H,0,CO„   eto.       Hiztnre(T].       Pria, 

KoTTIQITE.— Near  ecythrite,  bnt  contains  lina      SchneeheiS. 

ANHAHEKaiTE  (Nickelbliltbe,    (?n-m.).— ?4ii As, Oa+8aq= Arsenic  pentozide   SB'S,  i 
oxide  :t7-3.  water  34-3  =  100.     Soft,   earthy.     Color  apple-green.      Allomont;     * 
Iliechelndurf. 

HuTiEAULiTB. — A  hydroas  iron- manganese  phosphate,  oocoiing  In  oBTllJea  in  feriphylit* 
at  Limoges.  France. 

Chun  DRAK  BEN  [TB. — Yellow  grains  in  barite ;  probably  a  manganeae  aneniat«.  Ftuitaif, 
Bweden. 


OXTOXN  OOHFOUNDS. — ^PHOSPHATES,   ARSENATES,  ETa 
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UBBTUBNITB. 

Orthorhombic    7a /=  92°  20',  OM't=  143°  60';  i:h    rf  =  0-7311 
1*041G :  1.      Crystals    usually    octahedi-al    in    aspect. 
Cleavage :  diagoual,  i-i,  i-i,  veiy  indistinct.     Also  globu- 
lar or  reniform,  and  compact. 

H.=4.  G.=:3-6-3-8.  Lustre  resinous.  Color  olive- 
green,  generally  dark.  Streak  olive-green.  Translucent. 
to  snbtranslncent.  Fracture  subconchoidal — uneven. 
Brittle. 


Oomp. — Ga4PsOt+aq,  or  OnaPaOs-f  HaCaO]  (Ramm  )=Phosphoraa 
pentoxide  29'7,  copper  oxide  66*5,  water  8'8=:100. 

Pyr.,  etc. — In  the  doeed  tube  yields  water  and  turns  black.  B.B. 
foaes  at  2  and  colors  the  flame  emerald -green.  On  charcoal  with  soda 
gires  metallic  copper,  sometimes  also  an  arsenical  odor.  Fused  with 
metallic  lead  on  charcoal  is  reduced  to  metallic  copper,  with  the  forma- 
tion  of  lead  phosphate,  which  treated  in  R.F.  gives  a  crystaUine  polyhedral  bead  on  cooling, 
in^th  the  fluxes  reacts  for  copper.     Soluble  in  nitric  add. 

Oba. — Oocura  at  Libethen,  in  Hungary :  at  Rheinbreitenbadi  and  Ehl  on  the  Rhine ;  at 
KiKhne  Tagilsk  in  the  Ural ;  in  BoUvia ;  Chili. 


I 
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Orthorhombic.      7a  /=  92°  30',    O  A 1-5  =  144*^  14' ;   i:l:d  =  0-72  : 
r0446  : 1.    Cleavage:  /  and  1-i  in  traces.    Sometimes  aci- 
cnlar.    Also  globular  and   reniform,   indistinctly  fibrous, 
fibres    straight  and   divergent,   rarely   promiscuous;    also 
curved  lamellar  and  granular. 

EL=8.  G.=4'l-4'4.  Lustre  adamantine — vitreous;  of 
some  fibrous  varieties  pearly.  Color  various  shades  of  olive- 
green,  passing  into  leek-,  siskin-,  pistachio-,  and  blackish- 
green  ;  also  liver-  and  wood-brown ;  sometimes  straw-yellow 
and  gi-ayish-white.  Streak  olive-gi*een — brown.  Subtrans- 
parent — opaque.  Fracture,  when  observable,  conchoidal — 
uneven.    Brittle. 


Oomp. — Cu4ABsOi4-aq=GuaA8sOg-hHsCuOa  (Ramm.)=ArBenic  pentoxide  40*66,  ooppez 
oxide  5615,  water  8  19=100. 

Pyr.,  etc. — In  the  closed  tube  gives  water.  B.  B.  fuses  at  2,  coloring  the  flame  bluish-green, 
and  on  cooling  the  fused  mass  appears  ciystaUine.  B.  B.  on  charcoal  fuses  with  deflagration, 
gives  off  arsenical  fumes,  and  yields  a  metiJlic  arsenide,  which,  with  soda  yields  a  globule  of 
copper.    With  the  fluxes  reacts  for  copper.    Soluble  in  nitric  acid. 

Obs. — The  crystallised  varieties  occur  in  many  of  the  ComwiUl  mines ;  near  Tavistock  in 
Deivonshire ;  also  at  Alston  Moor  in  Cumberland ;  at  Gamsdorf  and  Saalf  eld  in  Thuringia ;  the 
Tyrol ;  the  Bannat ;  Siberia ;  Chili  ;  and  other  places. 

Adamtfe — ZnsAsjOe+H^ZnOi^ Arsenic  pentoxide  40*2,  zinc  oxide  56*7,  water  8  1=100. 
Color  yeUow.    ChanarciUo,  Chili ;  Cap  Guronne. 

Taoilitb — Gu«PsOt  +  8aq  (=CuaP90aH-H3Cn03+2aq).  Color  emerald-green.  Nischne- 
Tagilsk.  IsoCLAsrrB.  Ca4PsOt-f5aq(=:CaiP«0«+HsCaO*+4aq).  Colorless  to  snow-white. 
Joachimsthal. 

EUCHROITB. — CuaAsjOfl-fHaCuOa+daq  (Bamm.)= Arsenic  pentoxide  84*1,  copper  oxide 
47 "d.  water  18 '7= 100.     Color  emerald-green.    Libethen,  Hungary. 

Chlorotilb. — Cu)A8aOH+6aq.  In  oapillazy  crystals.  Also  fibrous;  massive.  Color  apple- 
green.     In  quartz  at  Schneeberg  and  Zinnwald  ;  Thuringia ;  Chili  {Fremel). 

VBazBLTiTB  {Sehrauf), — A  hydrous  copper  phosphate  ;  composition  4CuaPaOa+5aq.  Tri« 
dime.     Oocurs  in  ciystalline  omstB  on  a  gamet-rock  at  Morawicza  in  the  Bannat 
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UROCONim.    Linsenerz,  Qemu 

Monoclinic.  IM=W  21',  DesCl.  (7=88*'  33'.  Cleavage  lateral, 
but  obtained  with  diflBculty.     Rarely  granular. 

H.=2-2-5.  G.=2*88-2*98.  Lustre  vitreous,  inclining  to  resinous. 
Color  and  streak  sky-blue — verdigris-green.  Fracture  imperfectly  con- 
choidal,  uneven.     Imperfectly  sectile. 

Oomp.— Formula  Chii(Al)  A8«{P9)0«4- H«(Cut,Al)06+9aq,  with  Cu,  :  Al=8  :  2,  and  At: 
P=l  :  4.  ThJB  requires  arsenio  pentoxide  23*1,  phosphonis  pentoxide  3  "Oc,  opper  oxide  SSi, 
alumina  10-3,  water  27  1=100. 

Pyr.,  etc. — In  the  closed  tube  gives  much  water  and  turns  olive-green.  B.B.  cracks  open, 
but  does  not  decrepitate  ;  fuses  less  readily  than  olivenite  to  a  dark  gray  slag ;  on  chaiooal 
cracks  open,  deflagrates,  and  gives  reactions  like  olivenite.     Soluble  in  nitric  acid. 

Obs. — With  various  ores  of  copper,  pyrite,  and  quartz,  at  Wheal  Gorland,  Wheal  Uuttrell, 
etc.,  in  Cornwall;  also  in  minute  crystals  at  Herrengrund  in  Hungary ;  and  in  Yoigtland. 

PsKUDOMALAcniTE  Phosphocholdte.  — Cu6P.Oi,H-3aq=CuiPaO,-i-3HaCuOa=PaO»  21-1, 
CuO  TOD,  HaO  8'0=100.  Triclinic  fSchrauf).  G.=4'34.  Color  emerald-green.  Bdated 
sub-species:  Ehlite  (Pr/zw/i^),  Cu3Pa08-|-2HvCuOi4-aq  (Ramm.);  Dihydrite,  Cu»FiOi-!- 
2H3CuOa.      Ehl,  near  Liuz,  on  the  Rhine  ;  Libethen,  Hungary ;  Nischne  TagUsk ;  CoznwsU. 

EiUNiTE. — CuaAsa08+2H3CuOa.  In  mammillated  crystoUine  groups.  Color  green.  Con- 
wall. 

CoRNWALLiTE. — Cu»AsaOio+3aq  (=CuaAsa08+2HaCuO«-f aq).  Amorphous.  OolorgrMO. 
ComwaU  [Church). 

PSFFTACINITE. — Occurs  in  thin  crypto-crystalline  coatiDgR,  sometimes  having  a  botiyddal 
structure ;  also  pulverulent.  Color  idskin  green  to  olive-green.  Formula  2RsyiOa  -t-3HtCn0a 
-^6aq,  with  R=Pb  :  Cu=3  :  1.  This  requires :  Vanadium  pentoxide  19 '32,  lead  oxide  5315^ 
copper  oxide  18*95,  water  8*58=100.  Found  at  the  gold  mines  in  Silver  Star  District,  Mob- 
tana  (Genth.  Am.  J.  Scl,  III.,  xii.,  35,  1876). 

MoTTRAMiTE. — Occurs  as  a  thin  crystalline  incrustation,  which  is  sometimes  velvety,  cod- 
sisting  of  minute  crystals  ;  more  generally  compact.  H.  =3.  G.=5*894.  Color  blackly 
reflected  light,  in  thin  particles  yeUowish,  trauKlucent  (crystals) ;  purpUsh-brown,  opaqne, 
(compact).  Formula  (Pb,Cu)aVaOi,  -i-  2Ha(Pb,Cu)0a,  which  requires  vanadium  pentoxide  18*74. 
copper  oxide  20*39,  lead  oxide  57*18,  water  3*69=100.  Related  to  dihydiite  and  ensile. 
Found  in  Keuper  sandstone  at  Aldeley  Edge  and  Mottram  St.  Andrew's,  in  Cheshire,  England 
(RoBCoe,  Proo.  Roy.  Soc.,  xxv..  III.,  1876). 

VoLBORTHiTE.— R^VaOtf-r  aq,  with  R=Ca  :  Cu=2  :  3  (or  3  :  7),  Ramm.  From  the  TJttii. 
Ealk-volborthit  (Germ,)^  Friedrichsrode,  contains  calcium. 


CUNOCLASm:.    Strahlerz,  Oerm, 

Monoclinic.     O  =  80°  30',  I A  /,  front,  =  56°.     Cleavage  :  basal,  highly 

perfect!      Also  massive,  hemispherical,  or  renifurm; 
^81  structure  radiated  fibrous. 

H.=2-5-3.  G.=4-19-4-36.  Lustre:  O  pearly; 
elsewhere  vitreous  to  resinous.  Color  internally  dark 
verdigris-green;  externally  blackish-blue  green.  Streak 
bluish-ffreen.     Subtranslucent.     Not  verv  brittle, 

Comp.—CuBAsaOii4-3HaCuOa= Arsenic  pentoxide  80*8,  ooppa 
oxide  62-7,  water  7  l=rlOO. 

Pyr.,  etc. — Same  as  for  olivenite. 

Obs. — Occurs  in  Cornwall,  with  other  ores  of  copper,  at  levenl 
mines.     Also  found  in  the  Erzgebirge. 

Ttrolite  (Kupferschaum). — A  hydrous  arsenate  of  o<q)per  (Ccu 
As^Oio-hnaq),  containing  also  calcium  carbonate  (aa  an  imporitj  !  X 
Colo!-  pale  apple-green.     Libethen,  Hungary ;  So^eeberg,  eto. 


OTTOStt  UDHFOUSDe. — VBOeeOA-TEB,   AJtSSITATBS,   ETO.  S63 

CsAi.coi-HTLi,iTX  (OoppR  mlo ;  Kapfeig^inuaet,  04rm.).— OaiAa,Oi+0H.CDO.  +  7H,O- 
Anenic  pentoxide  SI'S,  oopper  odde  087,  water  S0-0=100.  Ooppei  mlnea  of  Comv^: 
Himguy;  MoldawB. 


IiAZDZJTB.    Blaiup«Ui,  Qvm. 

Monoclinic  C=  88"  15',  7a7  =  91°  30',  0  A  1-i  =  139' 45',  Prflf^r: 
rf :  J  :  (i  =  0-86904  : 1-0260  : 1.  Twins:  twinning-planet-t;  also  0.  Ole»T- 
age :  lateral,  indiBtinct     AIbo  massive. 


H.=5-6.  G.=8-057,  Fnohfl.  Lnstre  vitreous.  Color  aznre-blne;  com- 
monly a  fine  deep  blue  viewed  along  one  axis,  and  a  pale  greeniBh-blnc 
aloDfF  anotlier.  Streak  white.  Siibtranslucent — opaque.  Fracture  nnereii. 
Brittle. 


Pyr.,  ate — Id  the  cloaed  tube  wbitpna  and  ylolda  wfttor.  B.B.  with  cobalt  aolntioii  the 
tdne  coloi  of  the  mineral  is  irestoied.  In  the  foroepa  whiteoa,  cracks  open,  swells  up,  and 
withoDt  toslon  falls  to  pieoes,  coloringf  the  flame  blnidi-graen.  The  ^freen  ooloi  is  made  more 
intense  bj  moisteains  the  ana;  with  sulphuric  acid.  With  the  fluxes  gives  an  iron  gbaa ; 
with  soda  on  charoou  an  infosible  maaa.     Doacted  upon  bj  acids,  retaining  perfectly  its  blue 

nki—CharaoterfEed  by  its  fine  bine  color;  bine  flame  B.B. 

Oba.^ — Occnrsnear  Werfeo  in  Salibarg;  in  Oratz,  near  Toxan ;  in  Erieglaoh,  Id  St^ria;  at 
Houhthaligrat,  at  the  Oomer  glacier,  in  Switierland  :  in  Horrsjobarg,  Wennkuid  ;  Westank, 
Sweden-,  also  at  Tijooo  in  Minas  Qeraes,  Brazil  Abundant  at  Crowder's  Ut.,  LinoolnOo., 
N.  O,;  and  on  Qravea  Mt.,  Lincoln  Co,,  Oa.,  GO  m.  above  Angnata. 

BOOROIMTB.. 

Orthorhombic     /a7=98°  2',  (?aH  =  132°  20';  i  :l :  d  =  1-0977  : 
1-1511 : 1,  Miller.     Cleavage :  *-a  imperfect,  i-i  and  *-i  in 
trsc«B. 

H.=8-5-4.  G.=8-1-3-3.  Lustre  vitreous — snbadaman- 
tine  and  enbresinons.  Color  pale  leek-green  or  liver-browu. 
Streak  witite.  Bubtransparent — translucent  Fracture 
uneven. 

Oamp^-PaAsiOi-i-4aq=ATUnk  pentoxide  49'6,  Iron  aesqnioxldo 
84-4.  water  lCi-6=10a 

Pjrr.,  «to. — In  the  dosed  tube  jields  uenttal  water  and  tons  yellow. 
B.B.  fosea  easQy,  ooloring  tiie  flame  bine.     B.B.  on  charcoal  givea 
MMnical  fames,  and  with  soda  a  blaok  niagnetie  soorU.    TRth  the  flniea 
naota  for  iron.     Solnble  in  hjdnxihlozia  aold. 
2S 
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DESCRIFTIVE  MINRRALOOT. 


Obs. — Found  at  Sohwaraenbeif^  in  Saxonj ;  at  Nertsohinak,  Siberia ;  I>efnbao]i  in  Ki-..^, 
in  the  Cornish  mines ;  at  the  Ifinaa  Geraes,  in  Brazil;  in  Popajan;  at  thegold mines d Tio- 
toria  in  Australia.  Oocuzb  in  minute  crystals  and  druses,  near  Edenville,  a,  Y,;  in  OabsoM 
Co.,  N.  C. 


wAvsiiUra. 

Orthorhombic.     /A  /=  126°  25',  O  A  1-i  =  143*^  23';  i:l:d  =  0-7431 

:  1*4943  :  1.     Cleavage :  /  rather  perfect ;  also  brachydia- 

Sonal.     Usually  in  hemispherical  or  globular  concretioiw, 
aving  a  radiated  structure. 

H.= 3-25-4.  «.=2-316-2-337.  Lustre  vitreous,  iuclin- 
ing  to  pearly  and  resinous.  Color  white,  passing  into  yel- 
low, green,  gray,  brown,  and  black.  Streak  white.  Tnuw- 
lucent. 
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Oomp.— i\i,P40, 9, 1 2aq=2AlP,08  +  H«A106 +9fiq= Phosphorus  pentox- 
ide  35  16,  alumina  88 -10,  water  26 '74= 100;  1  to  2  p.  a  fluorine  are  often 
present,  replacing  the  oxygen. 

Pyr.,  etc. — In  the  closed  tube  gives  off  much  water,  the  last  portum 
of  which  react  acid  and  color  Brazil-wood  paper  yellow  (fluorine),  and 
aho  etch  the  tube.  B  B.  in  the  forceps  swells  up  and  splits  frequently  into  fine  adealar 
particles,  which  are  infusible,  but  color  the  flame  pale  green ;  moistened  with  snlphuiic  acid 
the  green  becomes  more  intense.  Gives  a  blue  with  cobalt  solution.  Some  varieties  read 
for  iron  and  manganese  with  the  fluxes.  Heated  with  sulphuric  add  gives  off  fames  of  floo- 
hydric  acid,  which  etch  glass.    Soluble  in  hydrochloric  add,  and  also  in  caustic  potash. 

Di£ — Distinguished  from  the  zeolites  and  from  gibbsite  by  its  giving  a  phoaphoms  laae- 
tion ;  it  dissolves  in  add  without  gelatinization. 

Obs. — Found  near  Barnstable,  Devonshire ;  at  Glonmel  and  Cork,  Ireland ;  in  the  Sfaaint 
Isles  of  Scotland ;  at  Zbirow  in  Bohemia;  Zajecov  in  Bohemia;  at  Frankenberg and  LanfOi- 
strieg^  Saxony ;  Diensberg,  near  Giesscn,  Hesse  Darmstadt ;  m  a  manganese  mine  in'Wein- 
bach,  "~  --        -  _      .- 

at 
Horse 

Zkph AROVICHITE.  — Near  wavellite.  Composition  AlP^Os  4-  6aq  (or  6aq,  Ramm.).  Compact. 
Color  greenish  to  grayish.    Occurs  in  sandntone  at  Trenic,  Bohemia. 

Okruleolaotite. — Crypto-crystalline.  Color  milk-white  to  light  blue.  Compootioo 
(Petersen)  Al3P4Oi9  4-10aq.  Katzenellnbogen,  Nassau.  Also  Chester  Co.,  Penn.  (<}eIltl^ 
who  regards  the  copper,  4  p.  c,  as  belonging  to  the  mineral.) 


PH AKM A  OOSIDIIKITI].    WUrfelers,  Oerm. 

Isometric ;  tetrahedral.  Crystals  modified  cubes  and  tetrahedrons. 
Cleavafi^e:  cubic,  imperfect.  O  sometimes  striated  parallel  to  its  edge  of 
iirtersection  with  plane  1 ;  planes  often  curved.     Karely  granular. 

H.=2'5.     G.= 2*9-3.     Lustre  adamantine  to  greasy,  not  very  distinct 
Color  olive-green,  passing  into  yellowish-brown,  bordering  sometimes  upon 
hyacinth-red  and  blackish-brown  ;  also  passing  into  grass-green,  emerald- 
green,  and  honey -yellow.     Streak  green — iirown,  yellow,  pale.     Snbtrans- 
parent — subtranslucent.     Rather  sectile.     Pyroelectric. 

Comp — Fe«As«0j7,15aq=3FeAs908H-HeFe0e  (Ramm. )= Arsenic  pentoxide  48*18,  iron 
seequioxide  40  00,  water  16-87=100. 

Pyr.,  etc. — Same  as  for  scorodite. 

Obs.-  -Formerly  obtained  at  the  mines  of  Wheal  Gorland,  Wheal  Unity,  and  Carhamck, 
in  Cornwall ;  now  f onnd  at  Bnrdle  Gill  in  Cumberland ;  in  minnte  tetrahedral  crystals  ft 
Whcul  Jane  ;  also  in  Australia ;  at  St.  Leonard  in  Franoe  ;  and  at  Schneeberg  and  Scfawar* 
■enberg  in  Saxony. 


0XT6EN  00MF0UNIM5. — FH08PHATB8,   ABSENATES,  ETO. 
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Named  from  ^luucw^  poison  (in  allnmon  to  the  anenic  preMnt),  and  trt^ripos^  iron,  Wurfd- 
€19,  of  the  Germans,  means  cube-ore. 

Rhagits  ( >FA96a«A).— Composition  Bii»As«O««+9aq=2BiA804+8H»BiOs=Ar8enio  pent- 
oxide  15*6,  bismnth  oxide  78*9,  water  5*5=100.  Spherical  oiystalline  aggregates.  Goloi 
bright  green.     Schneebezg,  Saxony. 

PLUMBoaniOfiTB. — Composition  nnoertahi.  Contains  essentially  alnmina,  lead,  water^ 
and  phoq>horas  pentoxide.    Huelgoet ;  Cumberland ;  Mine  la  Motte,  Mo. 


Orthorhombic.  7 A /=  111^  54',  O A 14  =  136^  26' ;  (f :  2  :  4  =  09518 
:  1"4798  :  1.  Plane  O  sometimes  wanting,  and  the  form  a  double  six- 
sided  pyramid,  made  up  of  the  planes  1, 2-1^,  with  t-{  small.  Cleavage :  i-i, 
imperiect. 
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H.— 4'5-5.  G.— 3'18-3'24.  Lustre  vitreous,  inclining  to  resinous. 
Color  yellowish-white  and  pale  yellowish-brown,  also  brownish-black. 
Streak  white,  yellowish.     Translotent.     Fracture  uneven. 

Ck>mp. — Formula  somewhat  uncertain.  Analysis:  BammelBbeig,  PsOt  28*92,  AlOa  14*44, 
PeO  80-68,  MnO  907,  MgO  014,  H,0  16-98=100-23. 

Pyr.,  etc. — In  the  do^  tube  gives  off  neutral  water.  B.B.  swells  up  into  ramifications, 
and  fuses  on  the  edges  to  a  black  mass,  coloring  the  flame  pale  green.  Heated  on  charcoal 
tarns  black  and  becomes  magnetic.  With  soda  gives  a  reaction  for  manganese.  With  borax 
and  salt  of  phosphorus  reacts  for  iron  and  manganese.     Soluble  in  hydrochloric  acid. 

Obs. — Occurs  near  Tavistock ;  also  at  Wheal  Crebor,  in  Devonshire ;  on  slate  at  Crinnis 
mine  in  ComwalL    Hebron,  Me.  (f.  688.). 


TaRQnOI&    Callaite.    Eallait,  Kalait,  Oerm. 

Reniform,  stalactitic  or  incrusting.     Cleavage  none. 

H.=6.  G.=2*6-2*83.  Lustre  somewhat  waxy,  feeble.  Color  sky-blue, 
bluish-green  to  apple-green.  Streak  white  or  greenish.  Feebly  subtrana- 
lucent — opaque.     Fracture  small  conchoidal. 

Oomp. — Hydrous  aluminum  phosphate,  perhaps  A]aP90ii-|-5aq=Phosphorns  pentoxide 
82*6,  alumina  46*9,  water  20-5=100 

Pyr.,  etc. — In  the  closed  tube  decrepitates,  yields  water,  and  turns  brown  or  black.  B.B. 
in  tine  forceps  becomes  brown  and  assumes  a  glassy  appearanoe,  but  does  not  fuse ;  colors 
the  flame  green ;  moistened  with  hydrochloric  acid  the  color  is  at  first  blue  (copper  chloride). 
With  the  sodium  test  giyes  phosphuretted  hydrogen.  With  borax  and  salt  of  phosphorus  gives 
beads  in  O.F.  which  are  yellowish-green  while  hot,  and  pure  green  on  coding.  With  salt  of 
phosphoros  and  tin  on  charcoal  gives  an  opaque  red  bead  (copper).  Soluble  in  hydrochloric 
add. 

Oba. — Occurs  in  clay  slate  in  a  mountainous  district  in  Persia,  not  far  from  Nichabour. 
According  to  Agaphi,  the  only  naturalist  who  has  visited  the  locality,  turquois  occurs  only  in 
veinsi  w^di  traverse  the  mountain  in  aU  directions.     An  impure  variety  is  found  in  SUesia, 
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tnd  at  Oelmitz  in  Saxony.  W.  P.  Blake  refen  here  to  a  hard  jelkmish-  to  blniflh-greeii  itoiil 
(which  he  identifies  with  the  chalehihuUl  of  the  Mexieans)  ftrom  the  monntaiBS  Lor  Cenllaa, 
80  m.  S.  E.  of  Santa  F6.     A  pale  green  tnrqaois  oecaiB  in  the  Golnmhuji  district,  Nevadt. 

Tnrqnois  receives  a  good  poUflh,  and  is  highly  esteemed  as  a  ^m.  The  Persian  idng  ii 
said  to  retain  for  his  own  use  idl  the  larger  and  finely  tinted  specimens. 

Pboanite.— Composition  :^9PaOii+6aq= Phosphorus  pentozide  811,  alnmina  811, 
water  28  7  =  100.     Striegis,  Saxony. 

DuPRENiTE. — Composition  Fe«P.,0ii-i-8aq  (FeP«Oii+H«FeO«)=PhoRphorua  pentoxids 
27 '5,  iron  sesqnioxide  62*0,  water  10*5=100.  Anglar,  Dept.  of  Hante  Vienna;  Hincshbeig, 
Westphalia ;  Allentown,  N.  J.     In  deposits  of  nodules  1  to  tf  in.  thick,  in  Rookbddge  Co.,  Ya. 

Andre W8ITE.— In  globnlar  forms,  havtog  a  radiated  straotnre.  H.=4.  G.  =8*475. 
Color  dark  green.  Analysis,  Flight,  PaO.  26*09,  FeO,  44-64, 2^10,  0*92,  CnO  10*86,  Fe07"ll, 
MnO  0-60,  CaO  0  09,  SiO.  0  49,  H,0  8-79=99*59.  In  a  tin  lode,  West  Phenix  mine,  neir 
Liskeard,  Cornwall. 

Chalcosiderite. — In  bright  green  crystals  (tridinio)  on  Andrewsite  (see  abora).  H.= 
4*5.  G.=3108.  Analysis,  Flight,  P,0.  29*98,  AstO.  0*61,  FeO,  42*81,  3«0,  4-45,  CnO  8*14, 
H«0  1500,  UO  tr.  =100*94.    Also  as  a  coating  on  dnfrenite.     ComwaU.     Sayn,  Wea^ihalit. 

Henwoodite.— In  globular  forms,  with  a  radiated  structure.  H.  =4-4*5.  0.=8"<J7. 
'Color  turquois-blue  to  bluish -gn^cen.  B.B.  infusible.  Analysis,  PaO*  48*94,  ^lOt  18'24, 
FeOa  2*74,  CuO  7  10,  CaO  0*54,  H,0  1710,  SiO,  1-87,  loss  8*97=100.  Occurs  on  limontteat 
the  West  Phenix  mine,  Cornwall  (CcUins^  Min.  Mag.,  1,  p.  11). 

Cacoxenitb.— Supposed  to  be  an  iron  wavellite.  Composition  FeaPsOii+12aq.  Inn- 
diated  tufts.     Color  yellow.     Hrbeck  mine,  Bohemia. 

Arseniobiderite.— Analysis  by  Church,  AsaOi  89*86,  FeO,  85-75,  CaO  15*58,  MgO Oia 
E3O  0-47,  H,0  7-87=99^.  Formula  (Bamm.)  2CasAsaOt+FeAs,0«+8H«F60<.  Eo- 
man^che. 

Atblbstitb.— Enentiany  a  bismuth  arsenate.     In  minute  yeUow  dystsls  at  Bdmeebeig; 


TORBERNim.    Chalcolite.    Kupfer-Uranit,  Oerm. 

Tetragonal.     O  A 14  =  134°  8' ;  c  =  1-03069.     Forms  sqnare  tables,  with 

often  replaced  edges ;  rarely  suboctahedral.  Cleav- 
689  age :  basal  highly  perfect,  micaceous.     Unknown 

massive  or  earthy. 

H.=2-2*5.     G.=3-4-3-6.     Lnstreof  O  pearly,  of 
other  faces  snbadamaiitine.      Color  emerald-  and 

frass-green,  and  sometimes  leek-,  apple-,  and  sis- 
in-green.     Streak  somewhat  paler  than  the  color. 

Transparent — subtranshicent.  Fracture  not  ob- 
servable. Sectile.  Lamin»  brittle  and  not  flexible.  Optically  uniaxial ; 
double  refraction  negative. 

Oomp.— Q.  ratio  f or  R  :  U  :  P  :  0=1  16:5:8;  formula  CuU,P,O„  +  8aq=2(UO,),P,0, 

•f Ca3P.,0«+24aq.  The  formula  requires:  Phosphorus  pentoxide  15*1,  uranium  trionde 
61  -2,  copper  oxide  84,  water  153=100. 

Pyr.,  etc.— In  the  closed  tube  yields  water.  In  the  forceps  fuses  at  2*5  to  a  blackiah  mass, 
and  colont  the  flame  green.  With  salt  of  phosphorus  grives  a  green  bead,  which  with  tin  on 
charcoal  becomes  on  cooling  opaque  red  (copper).  With  soda  on  charcoal  giyea  a  globule  of 
copper.     AfTords  a  phosphide  with  thf^  sodium  test.     Soluble  in  nitric  aoid. 

Obs. — GunniR  Lake,  Tincroft  and  Wheal  Buller,  near  Bedrutb,  and  elsewhere  in  ComwaU. 
Found  also  at  Johanngeorgenstadt,  Eibenstock,  and  Schneeberg,  in  Saxony ;  in  Bohemia,  at 
Joachimsthal  and  Zinnwald;  in  Belgrium,  at  Vielsalm. 

Both  this  species  and  the  autunite  have  gone  under  the  common  name  of  uranite  /  tba 
former  also  as  Copper-uranU€y  the  latter  Lime-uranUe. 
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AUTUNITB.    Uranit;  Kalk-UrangUmmer,  Kalk-Uranit,  Oerm. 

Orthorhombic ;  but  form  very  nearly  saaare,  and  crystals  resembling 
closely  those  of  torbemite.     Cleavage :  basal  eminent,  as  in  torbemite. 

H.=2-2'6.  G.=3*06-3*19.  Lustre  of  (?  pearly;  elsewhere  subadaman- 
tine.  CJolor  citron-  to  sulphur-yellow.  Sti*eak  yellowish.  Translucent 
Optically  biaxial,  DesCl. 

Oomp.— Q.  ratio  f or  B  :  U  :  P  :  H=l :  6  :  6  :  10.  Formula  GaU^PtOis  +  lOaq,  which  may 
be  written  2(UO3)3P9Os+Ga3P3Oa+30aq.  The  formula  requires :  PhosphoruB  pentoxide  14  '9, 
oraiiiam  trioxide  (UOa)  60*4,  lime  5*9,  water  18*8=100. 

P3rr.,  etc. — Same  as  for  torbernitCf  but  no  reaction  for  copper. 

Oba.— Occurs  at  Johanngeorgenstadt ;  at  Lake  Onega,  Wolf  Island,  Russia;  near  Limoges; 
near  Autun ;  formerly  at  South  Basset,  Wheal  Edwards,  and  near  St.  Day,  England.  Occun 
sparingly  at  Middletown,  Ot. ;  also  in  minute  crystals  at  Chesterfield,  Mass. :  at  Acworth, 
N.  H. 

TBdOBRFFR.  — Composition  XJaAssOi  4  -H  12aq= (UOs)8AsaO«  +  12aq.  This  requires :  Arsenio 
pentoxide  17-6,  uranium  trioxide  65*9,  water  16*5=100.  Monoolinio.  In  thin  tabular  cry*- 
tals  of  a  lemon-yeUow  color.     Schneeberg,  Saxony. 

Walpurqite.— Composition  Bi,oU,A840s4+12aq=(UO,)sAs,08+2BiA804H-8H3BiO,.  This 
requires :  Arsenic  pentoxide  11  '9,  bismuth  oxide  600,  uranium  trioxide  22*4,  water5  7=100. 
Monodinic.    In  thin  scaly  crystals.     Color  wax -yellow.     Schneeberg,  Saxony. 

TjRANOSPiNrrB. — An  arsenic  autunite.  Composition  CaU9A8iOu  +  8aq=2(UOi)3As30»-»- 
CasAsaO«+24aq= Arsenic  pentoxide  22*9,  uranium  trioxide  57*2,  lime  5*6,  water  14*3=100. 
Color  grreen.  Schneeberg,  Saxony.  Uranosph^eritb.  Color  yellow.  Analysis,  Winkler : 
U,0,  50-88,  BiaO,  44*34,  HaO  4-75.     Schneeberg. 

Zbunerite. — According  to  Winkler,  an  arsenic  chalcoUte,  with  which  it  is  isomorphous. 
Composition  CunsABaOi9+8aq=2(XJOa)sA8:i08+CuiA8s08+24aq=Arsenic  pentoxide  22*8, 
uranium  trioxide  56*0,  copper  oxide  7*7,  water  14*0=100.  Color  bright  g^en.  Schneeberg, 
Zinnwald,  Saxony;  ComwaU. 

PimciTB. — Iron-sinter.  Composition  uncertain,  contains  Ab«Oi,  FeOs,  SOt,  HaO.  DiA* 
DOCHITB  is  similar,  but  contains  P^Oe  instead  of  As^Ot. 


Hydrous    Antihokates. 


Btndheihitb  (Bleiniore). — Amorphous^  reniform,  or  spheroidal ;  also  earthy  or  incrusting. 
H.=4.  G.  =4*60-4*76.  Color  white,  gray,  brownish,  yeUowish.  Composition  uncertain; 
analysis  by  Hermann  :  SbaO*  31*71,  PbO  61*83,  H,0  6*46=100.  Results  from  the  decompo- 
sition of  other  antimonial  ores.  From  Nertschin^  in  Siberia ;  Horhausen ;  near  Endellioii 
in  ComwaU,  with  jamesonite,  from  which  it  is  derived. 


Nitrates. 

The  nitrates  are  aU  soluble,  and  hence  are  rarely  met  with  in  nature.     Th^  inrlude : 

NiTRB,  potassium  nitrate  (KNO3).  Found  generaUy  in  omsts  on  the  surface  of  the  soil,  on 
walls,  rocks,  etc.     Also  found  in  numerous  caves  in  the  Mississippi  VaUey. 

Soda  Nitre,  sodium  nitrate  (NaNO>).    Tarapaca,  Chili. 

NrTROCALCiTB.  calcium  nitrate  (CaNaO*).  Occurs  in  silky  efflorescences  in  limestone 
oayems. 

NiTROHAONEsrrB,  magnesium  nitrate  (HgN)Ot).  From  limestone  cayenL  NiTlio- 
OLAUBKRiTK,  nltro-sulphi^  of  sodium.    Desert  of  Ataoama,  Chili. 
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4.  BORATES. 


8A880LITB. 

Triclinic.  /  A  7^  =  118^  30',  C>  A  /=  95^  3',  <?  A  /  =  80^  38',  B.  &  M. 
Tv^ins:  compoeition-face  0,  Cleavage:  basal  very  perfect.  Usiially  in 
small  scales,  apparently  six-sided  tables,  and  also  in  stalactitic  forms,  com- 
posed of  small  scales. 

H.=l.  G.=l*48.  Lustre  pearly^  Color  white,  except  when  tinged 
yellow  by  sulphur;  sometimes  gray.  Feel  smooth  and  unctuous.  Taste 
acidulous,  and  slightly  saline  and  bitter. 

Oomp — HeB,Oe=Boro]i  triozide  (B,0,)  66*46,  water  43*54=100.  The  native  stalaotitio 
salt  contains,  meohanioaUy  mixed,  various  impurities,  as  sulphate  of  magnesiam  and  iron, 
sulphate  of  calcium,  silica,  eta 

Pyr.,  etc. — In  the  dosed  tube  gives  water.  B.  B.  on  platinum  wire  fuses  to  a  dear  giaa 
and  tinges  the  flame  yeUowiah-g^en.     Soluble  in  water  and  alcohol. 

Obs. — First  detected  in  nature  bj  Hofer  in  the  waters  of  the  Tuscan  lagoons  of  Monte 
Botondo  and  Castelnuovo,  and  afterward  in  the  solid  state  at  Sasso  by  Mas^igni  The  hot 
vapors  of  the  lagoons  consist  largely  of  it.  Exists  also  in  otiier  natural  waters,  as  at  Wiei- 
baden ;  Aachen ;  Erankenheil  near  Fobs ;  Clear  Lake  in  Lake  Co.,  California ;  and  it  hai 
been  detected  in  the  waters  of  the  ocean.  Occurs  also  abundantly  in  the  crater  of  Yidcano, 
one  of  the  Lipari  islands,  forming  a  layer  on  sulphur  and  about  the  fumaroles,  where  it  wu 
discovered  by  Dr.  HoUand  in  1818. 


SUSSXIXITE  {finuh). 


In  fibrous  seams  or  veins. 

H.=:3.     G.=3'42.     Lnstre  silky  to  pearly.     Color  white,  with  a  tinge  of 
pink  or  yellow.     Translucent. 

Comp. — R^B^Os+aq,  with  R=Mn  :  Mg=4  :  3=Boron  triozide  34*3,  manganeee  protoxide 
J9-9,  magnesia  16-9,  water  8-9  =  100. 

Pyr.,  etc. — In  the  closed  tube  darkens  in  color  and  yields  neutral  water.  If  tormeric  paper 
ji  moistened  with  this  water  and  then  with  dUute  hydrochloric  acid  it  assumes  a  red  cc^or 
(boron).  Fuses  in  the  flame  of  a  candle,  and  B.B.  in  O.F.  yields  a  black  crystalline  msn 
coloring  the  flame  intensely  yellowish-green.  Reacts  for  manganese  with  the  fluxes.  Soluble 
in  hydrochloric  acid. 

Obs. — Found  on  Mine  Hill,  Franklin  Furnace,  Sussex  Co.,  N.  J.;  associated  with  fimnkliii- 
ite,  zincite,  willemito,  and  other  manganese  and  zinc  minersils. 

SzAiBKLYiTE. — A  hydrous  magnesium  borate,  MgftB40i i  +3aq  (or  }aq).  Oooors  in  aoioolar 
(Tystaly.     Color  white.     Hungary. 

LiiDWiGiTE  (7Wier;/iaA;). — Finely  fibrous  masses.  H.=5.  G.  =3-907-4*016.  Color  blads- 
i«h-^ecn  to  black.  Composition  R4FeB30io,  with  R=Fe  :  Mg=l  :  5,  or  1  :  3.  For  the 
latter  the  formula  requires  :  Boron  trioxide  10  6,  iron  sesquioxide  37 "9,  iron  protoxide  17'1, 
magnesia  28 '4.  Occurs  in  a  crystalline  limestone  with  magnetite  at  Morawitsa  in  the  Bannat 
Also  altered  to  liiiionite. 
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Isometric;  tetrahedral.    Cleavage:  octahedral,  in  traces.    Cubic  faces 
sometimes  striated  parallel  to  alternate  pairs  of  edges,  as  in  pyrite. 

H.= 7,  in  crystals;  4*5,  massive.  Gr.=2*974,  Haidinger.  Lusti'e  vitre- 
ous, inclining  to  adamantine.  Color  white,  inclining 
to  gray,  yeflow,  and  green.  Streak  white.  Sub- 
transparent — translucent.  Fracture  conchoidal,  un- 
even. Pyroelectric,  and  polar  along  the  four  octa- 
hedral axes. 
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Oomp. — ^MgiBiaCloOao  =  2Mga6s0i»+Mg0U  =  Boron  trioxide 
92-67,  magnesiA  31*28,  chlorine  7-93=10178. 

Pyr.,  etc — ^The  maseive  variety  gives  water  in  the  oloeed  tabe. 
B.B.  both  varieties  fuse  at  2  with  intumescence  to  a  white  crys- 
taUine  pearl,  coloring  the  flame  green ;  heated  after  moistening 

with  cobalt  solution  assumes  a  deep  pink  color.  Mixed  with  copper  oxide  and  heated  on  char- 
ooal  colors  the  flame  deep  azure-blue  (copper  chloride).  Soluble  in  hydrochloric  acid.  Alten 
vety  slowly  on  exposure,  owing  to  the  magnesium  chloride  present,  which  takes  up  water. 

Obs.— Observed  in  beds  of  anhydrite,  gypsum,  or  salt.  In  crystals  at  Kalkberg  and  Schlld- 
■tein  in  Liineberg,  Hanover ;  at  Segeberg.  near  Eael,  in  Holstein  ;  at  Luueville,  La  Meurthe^ 
France ;  maaaive  and  oiystallized  at  Stassfurt,  Prussia. 
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BORAX.    Tinkal  of  India. 


Monoclinic.  (7=  73^  25',  /A /=  87°,  Oa2-1  =  132°  49' ;  c:b:d  = 
0*4906  :  0*9095  :  1.     Cleavage:  i-i  perfect;  /less  so;  i-i  in  traces. 

H.=2-2*5.  G.=l*716.  Lustre  vitreous — resinous;  sometimes  earthy. 
Color  white;  sometimes  grayish,  bluish,  or  greenish.  Streak  white. 
Translucent — opaque.  Fracture  conchoidal.  Kather  brittle.  Taste  sweet- 
ish-alkaline, feeble. 

Oomp.— NatB4O,+10aq=2(NaBOs+HBO,)-H9aq=Boron  trioxide  86 '6,  soda  lG-2,  watet 
47-3. 

Pyr.,  etc. — ^B.B.  pufb  up,  and  afterwards  fuses  to  a  transparent  globule,  caUed  the  glass  of 
borax.  Soluble  in  water,  yielding  a  faintly  alkaline  solution.  BoiUng  water  dissolves  double 
its  weight  of  this  salt. 

Oba^Borax  was  originally  brought  from  a  salt  lake  in  Thibet.  It  is  announced  by  Dr.  J. 
A.  Yeatch  as  existing  in  the  waters  of  the  sea  along  the  California  coast,  and  in  those  of 
many  of  the  mineral  springs  of  California.  Occurs  in  the  mud  of  Borax  Lake,  near  Clear 
IrfJce,  CaL  Also  found  in  Peru ;  at  Halberstadt  in  Transylvania ;  in  Ceylon.  It  occurs  in 
solution  in  the  mineral  springs  of  Chambly,  St.  Ours,  eta , Canada  East.  The  waters  of  Borax 
Lake,  California,  contain,  according  to  G.  £.  Moore,  535 '08  grains  of  ciyBtallized  borax  to  the 
giJlon. 

niaBXrm.    Boronatrocaldte.    Natronborocaldte. 

In  rounded  masses,  loose  in  texture,  consisting  of  fine  fibres,  which  are 
aeicular  or  capillary  crystals. 

H.=l.  G.=l*65,  N.  Scotia,  How.  Lustre  silky  within.  Color  whiteu 
Tasteless. 

Oomp.— NaCaB»09+5aq=Boron  trioxide  49*7,  lime  15*9,  soda  8*8,  water  25*6=100. 
Pyr.i  0tc. — Yields  water.     B.B.  fuses  at  1  with  intumescence  to  a  clear  blebby  glass,  odkv* 
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ing  the  flame  deep  yellow.  Moistened  witH  solphnrio  add  the  color  of  the  flame  is  momeolp 
arilj  changed  to  deep  green.  Not  soluble  in  cold  water,  and  bat  little  so  in  hot ;  the  wdafeicNi 
alkaline  in  its  reactiona. 

Obs.— Occurs  in  the  dry  plains  of  Iquique,  Southern  Peru :  in  the  proTince  of  Tanpaot 
(where  it  is  called  i^ea)^  In  whitish  rounded  masses,  from  a  hazelnut  to  a  potato  in  8lxe,ivhidli 
consist  of  interwoven  fibres  of  the  nlexite,  with  pickeringite,  glauberite,  halite,  gjpsnm,  and 
other  imparities ;  on  the  West  Africa  coast ;  in  Nova  Scot^  at  Windsor,  Biookrille,  sod 
Newport  (H.  How),  filling  narrow  cavities,  or  constituting  distinct  nodules  or  mammillakd 
masses  imbedded  in  white  gypsum,  and  associated  at  Windsor  with  glauber  salt,  the  lustre 
internally  silky  and  the  color  very  white  ;  in  Nevada,  in  the  salt  marsh  of  the  Columbni 
Mining  District,  forming  layers  2-5  in.  thick  alternating  with  layers  of  salt,  and  in  halls  S-4 
in.  through  in  the  salt 

BsCHiLiTE.  (Borocalcite). — An  incrustation  at  the  Tuscany  lagoona  Composition  CaB^Oi 
-f  4aq.  Also  similar  from  South  America.  Lakderellite,  Lagonite,  rare  borates  from  tbi 
Tuscan  lagoons. 

FuiCKiTE  [SiUiman). — Compact,  chalky.  Color  milk-white.  Composition  CaaBkOi»+8aq. 
This  requires :  Boron  trioxide  49  '8,  lime  29  '9,  water  20  '3 = 100.  Occurs  in  layeza  between  a  bad 
of  slate  above  and  one  of  steatite  below.     Near  Chetko,  Curry  Co.,  Oregon. 

HowLiTE,  SUicohoroGfildte. — A  hydrous  calcium  borate  (like  bechilite),  with  one-sixth  of 
a  silicate  analogous  to  danburite.  Near  Brookville,  and  elsewhere  in  Hants  Co. ,  Nova  Scotia, 
in  nodules  imbedded  in  anhydrite  or  gypsum  ;  these  nodules  sometimes  made  up  of  peaiij 
crystalline  scales.  Winkworthitb.  In  imbedded  cr^-stalline  nodules  from  Winkworth,  N.8. 
In  composition  between  selenite  and  howlite ;  a  mixture  (?). 

Cryftomorphite. — Near  ulexite  in  compositioiL  In  microscopic  rhombic  tablea  Kon 
Bcotio. 

LOneburgiie. — ^A  phosphoborate  of  magnesium.  Flattened  mnnno«  in  gypsiferous  inad 
ttt  Lfineburg. 


WARWiOKATU. 

Monoclinic.  IaI=91^  20',  DesCl.  Usual  in  rhombic  prisms  with 
obtuse  edges  truncated,  and  the  acute  bevelled,  summits  generally  rounded ; 
surfaces  of  larger  crystals  not  polished.  Cleavage :  macrodiagonal  per- 
fect, affording  a  surface  with  vertical  stria3  and  traces  of  oblique  crow 
cleavage. 

II. =3-4.  G.=3-19-3'43.  Lustre  of  cleavage  surface  submetallic-pearly 
to  Bubvitreous ;  ofteti  nearly  dull.  Color  dark  hair-brown  to  dull  blacK, 
sometimes  a  copper-red  tinge  on  cleavage  surface.  Streak  bluish-black. 
Fracture  uneven.     Brittle. 

Oomp. — Essentially  a  borotitanate  of  magneRium  and  iron.  Analysis,  Smith,  BsOa  27*801 
TiOa  23  82,  FeO,  702,  MgO  30-80,  SiO,  100,  AlO,  2-21=98  65. 

Pyr.,  etc. — Yields  water.  B.6.  infusible,  but  becomes  lighter  in  water ;  moistened  with 
salpburic  acid  gives  a  pale  green  color  to  the  flame.  With  salt  of  phosphorus  in  O.F.  a  dstt 
bead,  yellow  while  hot  and  colorless  on  cooling ;  in  R.  F.  on  charcoal  with  tin  a  Yiolei  color 
(titanium).  With  soda  a  slight  manganese  reaction.  Decomposed  by  sulphnrio  acid ;  tht 
product,  treated  with  alcohol  and  igpiited,  gives  a  green  flame,  and  boiled  with  hydrochlorio 
acid  and  metaUio  tin  g^ves  on  evaporation  a  violet-colored  solution. 

Obs. — Occurs  in  granular  limestone  2^  m.  8.  W.  of  EdenviUe,  N.  Y.,  with  spinel,  oKondro- 
dite,  sei  pentine,  etc.  Crystals  usually  small  and  slender ;  sometimes  oyer  2  in.  long  and  |  in. 
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6.  TUNGSTATES,  MOLTBDATES,  CHEOMATES. 


Monoclinic  0=89"  22',  I A  1=  100°  37',  i-i  A— J-*  =  118'  6',  t-t  A  +i-i 
^rllT"©',  14a  1-1  =  98°  6',  DestJloizeaux.  Cleavage:  t-i  perfect,  4-» 
imperfect.  Twins:  planes  of  twinning  i-i  (f.  692),  f-i,  and  rarely  i-i. 
AUo  irregular  lamellar;  coarse  divergent  columnar;  massive  granular,  the 
particles  strongly  coherent. 


,<^ 
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H.=5-5'5.  G.=  7'l-7"55,  Lustre  Ribmetallic.  Color  dark  grayish  or 
brownish-black.  Streak  dark  reddisli-brown  to  black.  Opaque.  Sometimes 
weak  magnetic. 

Tar. — The  moat  important  rarletiea  depend  on  the  proportions  of  the  iron  and  mingBilMe. 
Thaee  rich  in  mangoneM  have  C>.=7'IB-7  M,  bnt  generall;  below  7-25,  and  the  streak  U 
moetlj  black.  Thoee  rich  in  iron  have  Q.=7'2-7'54,  and  a  dark  laddish-brown  streak,  and 
the*  are  aometimea  feebly  attractable  bj  the  magnet. 

Oomp.— (Fe,Un)WO„  Fe  :  Hd=2  ;  3,  mostl; ;  also  4  r  1  and  2  :  1,  3  :  1,  S  :  1,  eta.  Tba 
ratio  2  :  3  correaponda  to :  TongaleD  trioiide  T6'1T,  iron  protoxide  S  '49,  mangHneHe  protoxide 
14-04  =  100. 

Pyr.,  etc B.B.  foaaa  easily  (F.  =2'5-3)  to  a  globnie,  which  haa  a  cryatallioe  mrfaoe  and 

la  magnetio.  With  salt  of  phosphorDB  gives  a  clear  reddish -yellow  glass  while  hot,  which  is 
paler  on  cooling;  in  B.F.  beoomes  dark  red  ;  on  chanx>al  with  tin,  if  not  too  saturated,  the 
bead  asanmea  on  cooling  a  green  color,  which  continued  treatment  in  R.F.  changes  to  reddiah 
Tallow.  With  soda  and  nitre  on  platiouia  toil  fuses  to  a  bluish-green  mauganate.  Decern- 
posed  1^  aqoa  regia  with  separation  of  tungstea  triozide  as  a  jellow  powder,  which  when 
treated  B.B.  reacta  aa  nnder  tungatite  (p.  262;.  Wolfram  ia  sufflciantly  decomposed  by  con- 
centrated sulphuric  acid,  or  even  hydro^orio  acid,  to  give  a  coloiless  solution,  which,  treated 
wiUi  metallic  Eiuc,  beoomes  intensely  blue,  but  soon  bleaches  On  dilution. 

JUS. — Characteriied  by  ite  high  specific  gravity  and  pyrognoatics. 

Oba. — Wolfram  ia  often  associated  with  tin  ores  ;  also  in  quartz,  with  native  bjsmntb,  acheel- 
ite,  pyrite,  galenite,  blende,  etc.  ;  and  in  trachyte,  as  at  Felno  Banya,  iu  Transylvania.  II 
oocnrs  at  E^hlackenwald  ;  Schneeberg;  Freiberg;  Ehrenfriedersdorf  ;  Zinnwald,  and  Nert- 
johiiuik ;  at  Chantelonp.  near  Limogea.  and  at  Meymao,  Corrdie,  in  Fiance ;  near  Bedruth 
and  elsewhere  in  Cornwall;  in  CnmberUnd.      Also  in  S.  America,  at  Orura  in  Bolivia. 

In  the  U.  States,  oocnrs  at  Lane's  mine.  Monroe,  Conn. ;  at  Trumbull,  Conn.  ;  on  Camdag* 
farm,  near  Blue  Hill  Bay,  Me. ;  at  the  Flowe  mine,  HeoUenburg  Co.,  N,  C.  ;  in  MiMOulJ, 
near  Mine  la  Motte,  and  in  St.  Franr  is  Co. ;  at  Mammoth  mining  district.  Nevada. 

HObnerite. — A  manganese  wolFramite,  UDWOi  =  TiingHlen  trioxide  76'9,  manganeee  prot* 
(iz<de  281  =  100.     Mammoth  dist.,  Nevada. 

llBaABABiTa. — A  manganese  tungatate,  with  a  httle  iron.     Schlackenwald. 
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Tetragonal ;  hemihedral.     (9  A  1-i  =  123''  3' ;  c  =  1-5369.    Clea^nsge :  1 

most  distinct,  l-i  interrupted,    O  traces.      INrins: 
CM  twinning-plane  /;  also  i4.    Crystals  usually  octahe- 

dral in  form.     Also  reniforni  with  columnar  struc- 
ture ;  and  massive  gmnular. 

H.=4-5-5.  G.=5-9-6076.  Lustre  vitreous,  in- 
clining to  adamantine.  Color  white,  yellowish-white, 
pale  yellow,  brownish,  greenish,  reddish;  sometimes 
almost  ojange-yellow.  Streak  white.  Transparent 
— translucent.     Fracture  uneven.     Brittle. 


Schlackenwald. 


Oomp — CaW04=Tiingr8ten  trioxide  80-6,  lime  19-4=100.  A 
variety  from  Coqoimbo,  Chili,  contained  6*2  p.  c  vanadinm  pot^ 
oxide ;  another  from  Traversella  contained  didymiam. 

Pjrr.,  etc. — B.B.  in  the  forceps  fuses  at  5  to  a  semi-tmuptnBl 
glam.  Soluble  with  borax  to  a  transparent  glass,  whidi  afttt- 
ward  becomes  opaque  and  crystaUine.  With  salt  of  'ptosplbam 
forms  a  glass,  colorless  in  outer  flamCf  in  inner  green  when  hoi 
and  fine  blue  cold ;  varieties  containing  iron  require  to  be  treated 
on  charcoal  with  tin  before  the  blue  color  appears.  In  hjdio- 
chloric  or  nitric  acid  decomposed,  leaving  a  yellow  powder  soluble  in  ammonia. 
JHS. — Remarkable  among  non-metallic  minerals  for  its  high  specific  gravity. 
Obs. — Usually  associated  with  crystalline  rocks,  and  commonly  found  in  conneotion  witk 
tin  ore,  topaz,  fluorite,  apatite,  molybdenite,  wolframite,  in  quartz.  Occurs  at  Sdhladna- 
wald  and  Zinnwald  in  Bohemia;  in  the  Riesengeblrge ;  at  Caldbeck  Fell,  near  Keswkk; 
Neudorf  in  the  Harz  ;  Ehrenfriedersdorf ;  Posing  in  Hungary ;  TraverseUa  in  Piednumt,  ofea 
Llamuco,  near  Chuapa  in  Chili.  In  the  U.  S.,  at  Lane's  mine,  Monroe,  and  Huntingtoa, 
Conn.;  at  Chesterfield,  Mass.;  in  the  Mammoth  mining  district,  Nevada;  at  Bangle  mine^ ia 
Cabarras  Co.,  N.  C. ;  and  Flowe  mine,  Mecklenburg  Co. 

CuPROScnEBi.iTE. — A  scheelite  containing  about  6  p.  c.  copper  oxide.     Color  bright  green. 
La  Paz,  Lower  California.     Llamuco,  near  Santiago,  Chili. 

CUPROTUNGSTITE. — A  copper  tungstate,  Cu^WOs+aq.      Amorphous.      Color  yeUowish- 
grreen.     With  cnproscheelite  at  the  copper  mines  of  Llamuco,  Chili 

STOLZiTE.—PbW04- Tungsten  trioxide  51,  lead  oxide  49=100.     Tetragonal.     Zinnwald ; 
Bleibeig;  Coquimbo,  Chili. 


WUIiFENITZ].    Gelbbleierz,  Germ, 

Tetragonal.     Sometimes   hemihedral.     0M4=  12D°   26' ;    c  =  1-574. 
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Przibram.  Fhenizville. 

In  modified  square  tables  and  sometimes  very  thin  octahedrons.     Cleavage: 
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1  very  smooth:  O  and  \  much  lesa  distinut.  Also  graiiularly  maeeive, 
coarse  or  fine,  finoly  cohesive.  Often  heraihcdral  in  the  octagonal  prisma, 
producing  thus  tables  like  f.  696,  and  octahedral  forms  having  the  prisma* 
Uu  planes  similarly  oblique. 

Ii.=2-75-3.  (t.=6-03-7-01.  Lustre  resinous  or  adamantine.  Color 
wax-yeilow,  passing  into  orange-yellow ;  also  siskiu-  and  olive-green,  yel- 
I<iwish-gray,  grayish-wliite,  brown;  also  orange  to  bright  red.  Streak 
wliite.    Subtransparbnt — subtrauslucent.    Fi-acture  subcunchoidal.    Brittle. 

Tar.— 1.  Ordinary-  Coloryellow.  3.  FaiKuJi/fnnM.  Color  onn^  to  bright  red,  k  vuietr 
moarring  at  Phenixville,  Pa, 

Oomp.— PbHoO,=Utd7bdeiiiimtrioiidelt8'S,  lend  oxide  61-0=100.     Some  varieties  oon- 


Pyr.,  otc — B.  B.  deorepltetei  (md  fuses  belotr  2  j  witli  borax  la  O,  F.  gives  a  uolorioas  glass, 
In  B.F.  it  beoomea  opaqne  black  or  dirtj  green  with  black  flocks.  With  salt  of  phoBpnoToa 
tBO.F.  gives  a  yellowitfi-gxaeD  glass,  whiuh  in  B.F.  becomes  dark  green.  Wichsodaoaohai' 
eosl  Tialds  metallic  lead.  Decomposed  on  evaporation  with  hydrochloric  acid,  with  the 
fonnatioii  ai  lead  chloride  and  moljbdic  oxide  ;  on  moisteniiig  the  residue  with  water  and 
adding  metallio  lino,  it  gives  an  intense  blue  colot,  which  does  not  fads  on  dilution  of  the 
ttqold. 

Obs. — This  species  occuis  in  veins  with  other  oies  of  lead.  Found  at  Bteiberg.  etc..  in 
Ouintbiai  atBetibanja;  at  Pnibram  ;  Schneebergand  Johanngeorgenetadt;  atMoldawa; 
in  the  Kirghis  Steppes  in  Bussia  ;  at  Badenweiler  in  Baden  ;  in  the  tjold  sands  of  Bio  Ghico 
in  Antioqnia,  Colombia,  S.  A. ;  Wheatle7'B  mine,  near  Pbsnixville,  Pa.;  at  the  Comstock  lode 
in  Nevada,  la  fine  speoiniens  from  the  Empire  mine,  Looin  District,  Box  BIdei  Coanty, 
irt»h  ;  at  Empire  mine,  Inyo  Co.,  Cal.  ;  in  the  Weaver  disU.  Arizona. 

EoSITa  {^iniu/).— In  minute  tetragonal  octahedrons.  Color  deep- red.  Probablj  a  vana- 
dlo-molybdate  of  lead.     Leadhills,  Scotland. 

ACBKBUATITE.— An  arsenio-molfbdate  of  lead.  Analysis,  As;Oi  18'26,  HoOi  SDl,  01 
S-IS,  Fbe'28,  PbO  08'91  =  100  00.     Compaot;  slmcture  indistlaotl;  crfstalline. 


OROOOTTB.    Oroooidto.    Bothbleien,  Qtrm. 

Monoclinic.     G  =  IT  27',  /a /  =  93°  42',  Ok\-%  =  138°  10' ; 
=  0-95607  :  1-0414  :  1,  Dauber.    Cleavage :  /toler-- 
ably  distinct ;   0  and  i-i  less  so.     Surface  /streaked 
longitudinally ;  the  faces  mostly  smooth  and  shin- 
ing.     Also  imperfectly  columnar  and  granular. 

H.=:2-5-3.  G.=5-9-6-l.  Lustre  adamantine- 
vitreous.  Color  various  shades  of  bright  hyacinth- 
red.     Streak  orange-yellow.     Translucent.     Sectile. 

Comp. — PbCrO(=Lead  oxide  08*9,  ohiominm  trioxide  81*1  = 
100. 

Fyr.,  etc — In  the  oloeed  tube  deorepibates,  blackens,  bat  le- 
oovers  its  original  oolor  on  oooliog.  B.B.  fuses  at  1  '5.  and  on 
efaarooal  Is  redaoed  to  meUUio  lead  with  deflagration,  leaving  a 
BSMclna  of  ohiomia  oxide,  and  giving  a  lead  ooating.  With  salt 
irf  phosphoros  ^ves  an  emerald-green  bead  in  both  flames.  Fused 
with  potasaiam  tHsolphate  in  the  platinom  spoon  forms  a  dark 
vicdet  mass,  whioh  on  solidifying  becomes  reddish,  and  when 
mU  greenish-wUte,  Urns  dilteii4g>  from  vanadinite,  which  on 
jflUow  mass  (Flattner). 
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Obs. — Firat  found  at  Beresof  in  Siberia ;  at  Hazsinak  and  near  Niachne  Tagilik  in  Ike 
UEal ;  in  Bzaul ;  at  Betzbanja ;  Moldawa ;  on  Lncon,  one  of  the  Philippineib 


PHCENIOOOHROITB.    Melanoohzoite. 

Orthorliombic  {t\.  Crystals  usually  tabular,  and  reticularlj  interwoven. 
Cleavage  in  one  direction  perfect.    Also  massive. 

H.=:3-3*5.  G.  =5*75.  Lustre  resinous  or  adamantine,  glimmering. 
Color  between  cochineal-  and  hyacinth-red;  becomes  lemon-yellow  on 
exposure.     Streak  brick-red.     Subtranslucent— opaque. 

Oomp.— Pb,Cr,0.=2PbCrO«+PbO=Chromium  trioxide  28*0,  lead  oride  770=100. 

Pyr^  etc. — B.  B.  on  oharooal  fuses  reiulily  to  a  dark  maaa,  which  is  crystaUine  when  oold. 
In  B.F.  on  charcoal  giyes  a  coatings  of  lend  oxide,  with  globnlea  of  lead  and  a  leodne  d 
chromic  oxide.     Gives  the  reaction  of  chrome  with  floxea. 

Obf. — Occurs  in  limestone  at  Beresof  in  the  Ural,  with  crocoite,  vanquelinite,  pyromorphitef 
andgalenite. 


VAUQUBUNITB. 

Monoclinic.  Crystals  usually  minute,  irregularly  aggregated.  Alw 
renifonn  or  botryoidal,  and  granular ;  amorphous. 

H.=2-5-3.  G.=5-5-5-78.  Lustre  adamantine  to  resinous,  often  faint 
Color  green  to  brown,  apple-green,  siskin-green,  olive-green,  ochre-brown, 
liver-brown  ;  sometimes  pearly  black.  Streak  greenish  or  brownish.  Faintly 
translucent — opaque.     Fracture  uneven.     Kamer  brittle. 

Comp.— PbaCuCro09=2RCrO«+RO.  R=Pb  :  Cu=2  :  1.  The  formula  requires:  Chro- 
mium trioxide  27  6,  lead  oxide  61  '6,  copper  oxide  10*9 =100. 

Pyr.,  etc. — B.B.  on  charcoal  slightly  intumesces  and  fuses  to  a  gray  snbmetallic  (flobnk, 
yielding  at  the  same  time  small  globules  of  metal.  With  borax  or  salt  of  phosphorus  affords 
a  green  transparent  glass  in  the  outer  flame,  which  in  the  inner  after  cooling  is  red  to  black, 
according  to  the  amount  of  mineral  in  the  assay ;  the  red  color  is  more  distinct  with  tin. 
Partly  soluble  in  nitric  acid. 

Obs. — Occurs  with  crocoite  at  Beresof  in  Siberia,  generally  in  mammillated  or  amorphooi 
masses,  or  thin  crusts  ;  also  at  Pont  Gibaud  in  the  Puy  de  Dome ;  and  with  the  crocoite  of 
Brazil.  In  the  U.  States  it  has  been  found  at  the  lead  mine  near  Sing  Sing,  in  green  and 
brownish -green  mammillary  concretions,  and  also  nearly  pulverulent ;  and  at  the  Peqna  lead 
mine  in  Lancaster  Co.,  Pa.,  in  minute  crystals  and  radiated  aggregations  on  quarts  and 
galenite,  of  a  siskin-  to  apple-g^een  color,  with  cerussite. 

Laxmankite  {pJioapJuishtonM), — ^Near  vanquelinite,  but  held  to  be  a  ptdepho-chzomate. 
Beresof. 
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6.  SULPHATES. 


Anhydrous  Sulphates. 


Barite  Orowp. 


BABnnB.    Barytes.    HeaTj  Spar.    Schwozspath,  Gtfrm^ 


/ 


Oiihorhombic.    /A  /=  101**  40',  (?  A 14  =  121**  50' ;  ^  :  ?  :  i  =  1-6107 
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Cheshire. 

:  1-2276  : 1.  OM-  115**  42' ;  \A,  A  ft,  top,  = 
102°  17' ;  l-«  A  l-«,  top,  =  74°  36.  Crystals  usn- 
ally  tabular,  as  in  figures;  sometimes  prismatic 
in  the  direction  of  the  different  axes,  (jleavaffe : 
basal  rather  perfect ;  /somewhat  less  so;  iA  imperfect.  Also  in  globiilar 
forms,  fibrous  or  lamellar,  crested  ;  coarsely  laminated,  laminae  convergent 
and  orten  curved ;  also  granular ;  colors  sometimes  banded,  as  in  stalagmite. 
H.=2'5-3*5.  G.=4*3-4*72.  Lustre  vitreous,  inclining  to  resmous; 
sometimes  pearly.     Streak  white.     Color  white;  also  inclining  to  yellow, 

fray,  blue,  red,  or  brown,  dark  brown.     Transparent  to  translucent — opaque, 
ometimes  fetid,  when  rubbed.     Optic-axial  plane  brachydiagonal. 

Oomp.— BaS04=Snlphiir  triozide  34-8,  bazyta  65*7=100.  Strontiam  and  sometimea  oal- 
dnm  replace  part  of  tiiie  barium ;  also  silica,  clay,  bitmninoas  or  carbonaceoos  subatancea 
are  often  present  as  impnritiee. 

Pyr.,  eta — B.B.  decrepitates  and  foses  at  8,  coloring  the  flame  yellowish-green ;  the  fosed 
maaa  reacts  alkaline  with  test  paper.  On  charcoal  reduced  to  a  solphide.  With  soda  gives 
at  first  a  dear  pearl,  bat  on  continued  blowing  yields  a  hepatic  mass,  which  spreads  out  and 
soaks  into  the  coaL  If  a  portion  of  this  mass  be  removed,  placed  on  a  clean  silver  surface, 
and  moistened,  it  gives  a  black  spot  of  silver  sulphide.  Should  the  barite  contain  calcium 
sulphate,  this  wiU  not  be  absorbed  by  the  coal  when  treated  in  powder  with  soda.  Insoluble 
in  acids. 

Dift — Distinguishing  dharaoters:  high  specific  gravity,  higher  than  celestite  or  aragonite ; 
(deavage ;  insolubility ;  green  coloration  ol  the  blowpipe  flame. 

Oba.— Occurs  commo^y  in  connection  with  beds  or  veins  of  metallic  ores,  as  part  of  the 
gangne  of  the  ore.  It  is  met  with  in  secondary  limestone,  sometimes  forming  distinct  veins. 
ood  often  in  crystals  along  with  oaldte  and  celestite.    At  I>aftoD,  in  WestmorelaoDd.  &ig 
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land ;  in  Cornwall,  near  Liakeard,  etc.,  in  Cnmberland  and  Lancaahixe,  in  Derk^yshire,  Staf- 
fordshire, etc.;  in  Scotland,  in  Argyleshire,  at  Strontian.  Some  of  the  moat  importuil 
European  localities  are  at  Felaobanja  and  Eremnits,  at  Freiberg,  Muienberg,  Cluuthal, 
Przibram.  and  a^^Boya  and  Bonre  in  Auvergne. 

In  the  U.  S.,  -Ta-^onn.^  at  Cheshire.  In  N.  York,  at  Pillar  Point;  at  Sooharie ;  in  St 
Lawrence  Co.;  at  Fowler;  at  Hammond.  In  Virginia^  at  Eldridge's  gold  mine  in  Baddngbsm 
Co.;  near  Lexington,  in  Rockbridge  Co.;  Fauquier  Co.  In  ITmtiickjf,  near  Paris ;  in  the  W. 
end  of  L  Boyale,  L.  Superior,  and  on  Spar  Id.,  N.  shore.  In  Canada^  at  Landsdown.  In 
fine  ciystals  near  Fort  Wallace,  New  Mexico. 

The  white  varieties  of  barite  are  ground  up  and  employed  as  a  white  paint,  either  slone  or 
mixed  with  white  lead. 


y  "^  OBLESTITB. 

Orthorhombic,  /A  7  =104°  2'  (103°  30'-104°  8O0,  O  A 14  =  121* 
19i' ;  (J :  2  ;  df  =  1-6432  : 1-2807  : 1.  C>  A 1  =  116°  38',  O  A  l-«  =  12r  56^ 
1  A 1,  mac,  =  112°  35',  1  A 1,  brach.,  =  89°  26'.  Cleavage :  O  perfect; 
J  distinct ;  i-l  less  distinct  Also  fibrous  and  radiated ;  eometimeB  globu- 
lar; occasionally  granular. 
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L.  Erie. 


H. =3-3*5.  G.=3-92-3*975.  Lustre  viti-eous,  sometimee  inclining  to 
pearly.  Streak  white.  Color  white,  often  faint  bluish,  and  sometimes  red- 
dish. Transparent — subtranslucent.  Fracture  imperfectly  conchoidal— 
uneven.     Very  brittle.     Trichroism  sometimes  very  distinct 

Oomp.— SrSO«=:Salphiir  trioxide  43-6,  strontia  56-4=100.  Wittstein  finds  thmt  the  bhn 
color  of  the  celestite  of  Jena  is  due  to  a  trace  of  a  phosphate  of  iron. 

P3rr.,  etc. — B.B.  frequently  deci-epitates,  fuses  at  8  to  a  white  peail,  coloring  the  flame 
Btrontia-red ;  the  fused  mass  reacts  alkaline.  On  charcoal  fuses,  and  in  B.F.  is  oooTerted 
into  a  difficultly  fusible  hepatic  mass ;  this  treated  with  hydrochloric  add  and  alcohol  gircf 
an  intensely  red  flame.     With  soda  on  charcoal  reacts  like  barite.     Insoluble -in  acids. 

Diff. — Does  not  effervesce  with  acids  like  the  carbonates ;  specific  gravity  lower  than  thst 
of  barite  ;  colors  the  blowpipe  flame  red. 

Oba — Celestite  is  usually  associated  with  limestone  or  sandstone.  Oocnrs  alao  in  beds  d 
gypsum,  rock  salt,  and  clay ;  and  with  sulphur  in  some  yolcanio  regiona  Fonnd  in  8idl|y,  al 
Girgenti  and  elsewhere  ;  at  Bex  in  Switzerland,  and  Coml  in  Spain ;  at  Dombnig,  near  Jeoa; 
in  the  department  of  the  Garonne,  France  ;  in  the  Tyrol ;  Retsbanya ;  in  rock  salt,  ftt  Itdil, 
Austria.  Found  in  the  Trenton  limestone  about  Lake  Huron,  partion^arlj  on  Stvootiaa 
Island,  and  at  Eangston  in  Canada ;  Chaumont  Bay,  Sooharie,  and  Lookpori,  N.  Y. ;  also 
the  RoRsie  lead  mine ;  at  BelFs  Mills,  Blair  Co.,  Penn. 

Named  from  ealestis^  celestial,  in  allusion  to  the  faint  shade  of  blue  often  presented  by  the 
mineral. 

BARYTocELEsrrTK.— Celestite  containing  barium  sulphate  96  p.  o.  (Grilner\  90*4  p.  e. 
(Turner).  1-i  a  1-{=74^  54^',  |i  a  i-l=100'  85',  on  crystals  from  Imfald  in  the  Bmnenthal 
(Neminar).     Drammond  I.,  Lake  Erie:  Norton,  Hanover. 


OXTGEN  OOMPOUNDB. — SULPHATES,  KTa  887 

s/^   ANHYDRirZI. 

Orthorhombic.     /A  /=  100°  30',  O  A  1-i  =  127°  W\c\l\&^  1-3122 

:  1-2024  :  1.    1-1 A 1-*,  top,  =  85°.   Cleavage :  ?-i  very  per- 
704  feet ;  iA  also  perfect ;   O  somewhat  less  so.     Also  fibrous, 

lamellar,  grannlar,  and  sometimes  impalpable.  The 
lamellar  and  columnar  varieties  often  curved  or  contorted. 
H.=3-3-5.  G.=2-899-2-985.  Lustre :  t-i:  and  i-i  some- 
what pearly ;  O  vitreous ;  in  massive  varieties,  vitreous 
inclining  to  pearly.  Color  white,  sometimes  a  grayish, 
bluish,  or  reddish  tinge;  also  brick-red.     Streak  grayish- 


^i^ 
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{%^    £ y^     white.     Fracture  uneven;  of  finely  lamellar  and  fibrous 

^  IV    1      V^J     varieties,  splintery.     Optic-axial  plane  parallel  to  /-i",  or 
Staarfnrt.         plane  of  most  perfect  cleavage;  bisectrix  normal  to  0\ 

Grrailich. 

Var. — (a)  Crystallized ;  deavable  in  its  three  rectangfular  directions,  (d)  fibrous ;  either 
parallel,  or  radiated,  or  plumose,  {p)  Fine  g^ranular.  {d)  Scaly  g^ranular.  VuVfiniU  is  a  scaly 
granular  kind  from  Vulpino  in  Lombardy  ;  it  is  cut  and  polished  for  ornamental  purposes.  It 
does  not  ordinarily  contain  more  silica  than  common  anhydrite.  A  kind  in  contorted  concre- 
tionazy  forms  is  the  tripestone  {Oekrdsstein). 

Ooinp^GaS04=Sulphurtrioxide  58*8,  lime  41*2=100. 

Pyr.,  etc. — B.B.  fuses  at  8,  coloring  the  tlame  reddish-yellow,  and  yieldixig  an  enamel-like 
bead  which  reacts  alkaline.  On  charcoal  in  R.  F.  reduced  to  a  sulphide ;  with  soda  does  not 
fnae  to  a  clear  globule,  and  is  not  absorbed  by  the  coal  like  barite ;  it  is,  however,  decomposed, 
and  yields  a  moss  which  blackens  silver ;  with  fluorite  fuses  to  a  olear  pearl,  which  is 
enamel- white  on  cooling,  and  by  long  blowiog  swells  up  and  becomes  mfusible.  Soluble  in 
hydrochloric  add. 

Difil — Characterized  by  its  cleavage  in  three  rectangular  directions ;  harder  than  gypsum ; 
does  not  effervesce  with  acids  like  the  carbonates. 

Oba. — Occurs  in  rocks  of  various  ages,  especially  in  limestone  strata,  and  often  the  same 
that  contain  ordinary  gypsum,  and  also  very  commonly  in  beds  of  rook  salt.  Occurs  near 
Hall  in  Tyrol ;  at  SiUz  on  the  Neckar,  in  Wiirtemberg ;  Blciberg  in  Carinthia ;  LUnebezg, 
Uanover ;  Eapnik  in  Uungary  j  Ischl ;  Aussee  in  Styria ;  Berchte^^en ;  Stassfurt,  in  fine 
cEyBtalsi     In  the  U.  States,  at  Lockport,  N.  T.     In  Nova  Scotia. 

ANGXiESITB.    Bleivitriol,  Oerm. 

Orthorhombic.  7a/=  103°  43i',  (9  A  1-1  =  121^  20i',  Kokscharof; 
i:i:d=z  1-64223  :  1-273634  :  1.  (?  A 14  =  127°  48' ;  C>  A  1  =  115°  35i; ; 
1-i  A  1-i,  top,  =  75°  35i'.  Crystals  sometimes  tabular ;  often  oblong  pris- 
matic, and  elongated  in  the  direction  of  either  of  the  axes  (as  seen  m  the 
figares).  Cleavage :  7,  <?,  but  interrupted.  The  planes  /  and  i-i  often 
vertically  striated,  and  i-i  horizontally.  Also  massive,  granular,  or  hardly 
sa     Sometimes  stalactitic. 

H.=2'75-3.  G.= 6-12-6-39.  Lustre  highly  adamantine  in  some  speci- 
mens, in  others  inclining  to  resinous  ana  vitreous.  Color  white,  tinged 
yeiloWjgray,  green,  and  sometimes  blue.  Streak  uncolored.  Transparent 
—opaque.     Fracture  conchoidal.     Very  brittle. 

Oomp.— PbSO«-Snlpliiir  trioxide  26*4,  lead  oxide  73*6=100. 

Pjrr-,  etc-— B.B.  decrepitates,  foaes  in  the  flame  of  a  candle  (F.  =1  -5).  On  charcoal  in  O. 
F.  foaos  to  a  dear  pearl,  which  on  cooling  becomes  milk-white ;  in  B.F.  is  reduced  with  effer- 
veseenoe  to  metallio  lead.  With  soda  on  charcoal  in  R.F.  gfives  metallic  lead,  and  the  soda 
is  absorbed  by  the  ooal ;  when  the  surface  of  the  coal  is  removed  and  placed  on  bright  si  i  vex 
and  moistened  with  water  it  Umishes  the  metal  black.    Difficultly  soluble  in  nitric  acid. 
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Oba. — Thi«  ore  of  lead  was  first  observed  by  Monnet  bb  a,  TSBolt  of  the  deoompoiiilion  of 
^enite,  aod  it  ie  often  foood  in  its  caritieH.  Occam  in  ci^atais  &t  Leadhilli  ;  at  Pai7'»  mme 
in  Angilesea  ;  alno  at  Melanoveth  in  Cornwall ;  !□  Derbysbire  and  in  CamberlEuid  :  Claiutbil, 
Zillerfeld,  sttd  Giepenbocb  in  the  Hnri;  near  Siegen  in  PmsHia ;  Sohapboch  in  the  Kock 
Forest;  in  Sardinia;  maagiTe  in  Siberia,  Andalunin,  Alston  Moor  in  Cumberland  ;  in  Am- 
trolia.  In  tbe  tJ.  S. ,  in  large  crystals  at  Wbeatlej'i  mine.  FbenizTill«,  Pa. ;  in  MiBaouii  lead 
mines;  at  tho  lead  mines  of  Southampton,  Mass.  ;  at  Itossie,  N.T.  ;  at  tbe  Walton  gold  mine, 
Lonisa  Co.,  Va.     Compact  in  Arizona,  and  Cerro  Gordo,  Cnl. 

Dbeelite.— Rhombohedrol.  H.  — 3*5.  G.=3-2-3-4.  Colorwhite,  Composition  giTeuM 
CaS0i4-SBBS0t.     Ocoura  in  small  crystals  at  Beanjean,  France;  Badenweiler,  Baden. 

DoLGROPRAKiTK  {SoadJtfy—Cu.i&Oi.  In  minnte  dTBtala  Honodinio.  Color  bton. 
VesnyiuB. 

Hydroctanitb  {SoaeeM], — Anhydrous  copper  aolpbate.  0aSO4.  Color  sl^-blne.  Tei7 
soluble.     Vesuvius. 

APHTHrTALiTB,  Areanite.—K,SO,=P<ttwb  64'1,  snlphnrio  aotd  «-9=100, 

Thbhakditb. — Sodium  sulphate,  NaiSOi.     Spain;  Vesuviuo. 


LZ)AI}HILX.ITXI. 

Ortliorhombic.  7a/=103°16',  C  a  1-t  =  120  nO' ;  ^  :  J  :  J  =  1-7305 
:  l':iC32  :  1.  Hemihedral  in  I  and  some  other  planca ;  hence  monoclinic  in 
aspect,  oi-  rhomboliedi-al  when  in  eomponnd  cryBtals.  Cleavage :  i4  verj 
perfect ;  i-i  in  traces.  Twins,  f.  712,  consisting  of  three  orystalB ;  twiDning- 
l>lane,  1-t  (see  f.  298,  p.  97) ;  also  parallel  with  /. 
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H. = 2-5.    G. = 6-26-6-44.    Lustre  of  i-i  pearly,  other  parts  resinous,  some- 
what adamantine.  Color  white, 

passing   into    yellow,    green,  711  712 

or  gray.  Streak  uncolored. 
Transparent  —  translucent. 
Conchoidal  fi*acture  scarcely 
observable.    Ilather  sectile. 


<f 


« 
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Oomp. — Formerly   accepted    for- 
mnla,    PbS04+8PbOO.=Lead    sol- 

fihate  27*45,  lead  carbonate  72*55= 
00.  Recent  investigations  bj  Las- 
p^jres  (J.  pr.,  Cb.  II.,  v.,  470 ;  vii, 
197;  xiii,  370),  and  Hintse  (Pogg. 
Ann.,  dii.,  156),  tboogb  not  entirely 
accordant,  give  different  results,  bol£ 
ahow  the  presence  of  some  water.  Laspeyres  writes  the  formula  empirically,  PbiiOiS»0»i  -f 
5HsO,  and  Hintse,  PbTC4S90siH-2HsO.    Analyses:  1.  Laspeyres;  2,  Hintze: 

80,  CO,  PbO  H,0 

1.  814  808  81*91  1*87=100,  Laspeyres. 

2.  817  918  80*80  200=10015,  Hintze. 

Pyr.,  etc. — B.fi.  intamesoes,  fuses  at  1*5,  and  turns  yellow  ;  but  white  on  cooling.  Easily 
reduced  on  charcoaL  With  soda  affords  the  reaction  for  sulphuric  acid.  Effervesces  briskly 
in  nitric  acid,  and  leaves  white  lead  sulphate  undissolved. 

Oba. — This  ore  has  been  found  at  Leadhills  with  other  ores  of  lead ;  also  in  crystals  at  Red 
Gill,  Cumberland,  and  near  Taunton  in  Somersetshire ;  at  Iglesias,  Sardinia  {maxUe), 

SusANNFFB. — Composition  as  for  leadhillite,  but  form  rhombohedral.  Leadhills;  Nert- 
achinsk,  Siberia. 

CoNKBLLrrs.  — Hexagonal.  In  slender  needle-like  blue  crystals.  Contains  copper  sulphate 
and  copper  chloride,     ^act  composition  uncertain.    Cornwall. 

CALBDONrTB.— Monodinic  (jSoArau/).  H.  =2*5-3.  G.=6*4.  Color  bluish-green.  R,S0» 
-haq  (Flight),  with  R=Pb  :  Cu=7  :  8,  or  5PbS04+3H,CuO,+2H»PbO,.  This  require*  : 
Sulphuric  trioxide  19*1,  lead  oxide  65*2,  copper  oxide  11  '4,  water  43=100.  Leadhills,  Scot- 
land ;  Red  Gills ;  Retzbanya ;  Mine  la  Motte,  Missouri. 

Lanabkite.— Monodinic.  H.= 2-2*5.  G.=tt*3-6*4.  Color  pale  yellow,  or  greenish- 
white.  Transparent.  Composition  as  formerly  accepted,  PbSOi+PbCO,.  New  analyses  by 
Flight,  and  by  Pisani,  show  the  absence  of  both  carbon  dioxide  and  water ;  composition 
accon^ly  Pb,S0»=PbS04+Fb0,  which  requires :  Lead  sulphate  57*6,  lead  oxide  42*4=100. 
Leadhills ;  Siberia,  eta 

GLAUBBRITZI. 

Monoclinic.  67=68^6',  /A  7=83°  20',  C>  aM  =  136^  30';  i:b:d 
^  0-8454  :  0-8267  :  1.    Cleavage :  O  perfect. 

IL=2-5-3.      G.=2-64-2-85.     Lustre  vitreous.     Color  713 

pale  yellow  or  gray;  sometimes  brick-red.    Streak  white. 
Fracture  conchoidal ;  brittle.     Taste  slightly  saline. 

Oomp.— KaiCaSsO»=Sulphur  trioxide  57*6,  lime  20*1,  soda  22*3= 
100. 

Pyr.,  etc. — B.B.  decrepitates,  turns  white,  and  fuses  at  1*5  to  a 
.  white  enamel,  coloring  the  flame  intensely  yellow.  On  charcoal  fuses 
in  O.F.  to  a  clear  bead ;  in  RF.  a  portion  ia  absorbed  by  the  charcoal, 
leaving  an  infusibe  hepatic  residue.  With  soda  on  charooal  gives  the 
reaction  for  sulphur.  Soluble  in  hydrochloric  add.  In  water  it  loses 
its  transparency,  is  partially  dissolved,  leaving  a  residue  of  calcium 
sulphate,  and  in  a  large  excess  tiiis  is  completely  dissolved.  On  long 
exposure  absorbs  moistare  and  falls  to  pieces. 

Obs. — In  crystals  in  rock  salt  at  Villa  Bubia  in  New  Castile ;  aIm  at 
Aussee  in  Upper  Austria :  in  Bavaria ;  at  the  salt  mines  of  Vic  in  France ; 
and  at  Borax  Lake,  Calizomia;  Province  of  Tarapooa,  Pern. 
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DXSOBnilTB  MUTEKALOaT. 


Hydrous    Sulphates. 


MIRABILITB.     QUnbet  Sett. 

Monoclinic  ^7=72"  15',  /a/=86''31',  (9a14  =  130"  19';  c:  J  :a 
=  1-10S9  :  0-8962  : 1.  Cleavage :  i-t  perfect  UBimlly  in  effloreacent 
craBts. 

H.=  1-5-2.  G,=1'481.  LoBtre  vitreouB.  Color  white.  Transparent- 
opaque.     Taste  cool,  then  feebly  aalhie  and  bitter. 

Oamp.^N&,S0.+10aq=fiiilpiiar  tiioiide  24 '8,  aoda  19-8,  water  65-9=]<IO. 

Fyr.,  etc. — In  the  closed  tube  much  wat«r ;  gives  an  intense  jellow  to  Uie  flama.  Teqr 
Mdnble  in  water  ;  the  solution  gives  with  barium  Eslts  the  reactiott  for  snlphnzia  add.  FaDi 
to  powder  on  exposure  to  the  air,  and  becomee  anbjdionB. 

Obs — Occurs  at  Isohl  and  HaUstadt ;  also  in  Hangar? ;  Switzerland  ;  It^f ;  at  fiaipnnaa 
in  Spain,  eto.  ;  at  K&ilua  on  Hawaii;  at  Windsor,  Nova  Scotia ;  also  near  Sweetw»teT  Btvet, 
Booky  Hounttuoa. 

Habcaqnite,  Bor8aiNaAUi.TiTB  (oerbolite),  Lbcontitk,  and  O-nAHOVULrTK  an  bTdraw 
■olphate*  oontaiaing  ammoiiinm. 


.^^ 


aypuuM. 


Honocliiiic.  0=  66°  14',  if  the  vertical  prism  /  (see  f.  716)  correspond 
to  the  cleavage  prism  (Becond  cleavage),  and  the  basal  plane  £?  to  the 
direction  of  the  third  cleavage.  i'A/=138''  28',  1-iA  1-i  =  128°  81'; 
c:ft:(i=  0-9:  2-4135:1.  t>A  1  =  125"  35',  O A 24=145"  41',  lAl  = 
143°42',2-iA2-i=lll=42'. 


^kftvase :  (1)  i\,  or  ollnodiagonal,  eminent,  affording  easily  smooth  poU 

■jritAilift;  (2)  /,  imperfect,  fibrous,  and  often  apparent  in  internal  rifts  or 

Tgi,  making  with  0  (or  the  edge  3-i/2-i)  the  angles  66°  14",  and  113" 

aOOrreeponding  to  the  obliquity  of  the  fundamental  prism ;  (3)  f , or 

k  imperfect,  eat  affording  a  nearly  smooth  Burface.      Twins :  1.  Twiii- 

jplane  O  common  (f.  717) ;  also  1-i,  or  edge  1  /I.    Simple  crystals  often 

■warped  as  well  as  curved  surfaces.     Also  foliated  massive ;   lamellar 

llto ;  often  grannlar  massive ;  and  sometimes  nearly  impalpable. 


OZYOEN  OOMFOUNDB. — SULPHATES.  371 

fl.=l*5-2.  G.=2-314r-2-328,  wlien  pure  crystals.  Lustre  of  i-l  pearly 
and  shining,  other  faces  subvitreous.  Massive  varieties  often  glistening, 
sometimes  dull  earthy.  Color  usually  white;  sometimes  gray,  flesh-red, 
honey-yellow,  ochre-yellow,  blu6 ;  impure  varieties  often  black,  brown,  red, 
or  redaish-brown.     Streak  white.     Transparent — opaque. 

Vwc, — ^1.  OfystaUized,  or  Sdenite;  either  in  distinct  orvstals  or  in  broad  folia,  the  folia 
•ometimes  a  yard  across  and  transparent  throughout.  2.  Fibnms  ;  coarse  or  fine,  (a)  Satin 
^par^  when  fine-fibrons  a  variety  which  has  the  pearly  opalescence  of  moonstone  ;  {b)  plumo»6, 
when  radiatedly  arrangped.  8.  MasHte ;  Alabaster ^  a  fine-grained  variel^,  either  white  or 
delicately  shaded;  Bcaly-granyJUir ;  earthy  or  roek-gypsiim,  a  duU-colored  ro6k,  often  impure 
with  clay  or  calcium  carbonate,  and  sometimes  with  anhydrite.' 

Oomp.—Ca80«+2aq= Sulphur  trioxide  46  5,  lime  «2-6,  water  20-9=100. 

Pyr.,  etc. — In  the  closed  tube  gives  off  water  and  becomes  opaque.  Fuses  at  2'5--3,  color* 
ing  the  flame  reddish-yeUow.  For  other  reactions,  see  Anhydrite,  p.  367.  Ignited  at  a 
temperature  not  exceeding  260*^  C,  it  again  combines  with  water  when  moistened,  and 
becomes  firmly  solid.     Soluble  in  hydrochloric  acid,  and  also  in  400  to  500  parts  of  water. 

Diff. — Characterized  by  its  softness ;  it  does  not  effervesce  nor  gelatinize  with  acids. 
Some  varieties  resemble  heulandite,  stilbite,  talc,  eta ;  and  in  its  fibrous  forms  it  is  like  soniA 
CiJcite. 

Obs. — Gypsum  often  forms  extensive  beds  in  connection  with  various  stratified  rocks,  espe- 
cially limestone,  and  marly tes  or  clay  beds.  It  occurs  occasionally  in  crystalline  ixxsks.  It  is 
also  a  product  of  volcanoes ;  produced  by  the  decomposition  of  pyrite  when  lime  is  present ; 
and  often  about  sulphur  springs ;  also  deposited  on  the  evaporation  of  sea-water  and  brines, 
in  which  it  exists  in  solution. 

Fine  specimens  are  found  in  the  salt  mines  of  Bex  in  Switzerland ;  at  HaU  in  the  Tyrol; 
in  the  sulphur  mines  of  Sicily  ;  in  the  gypsum  formation  near  O^ana  in  Spain ;  in  the  clay  of 
Shotover  £011,  near  Oxford :  at  Montniartre,  near  Paris.  A  noted  locality  of  alabaster  oconrs 
at  Gastelino,  35  m.  from  Leghorn.  In  the  U.  S.  this  species  occurs  in  extensive  beds  in 
N.  York,  Ohio,  lUinois,  Virginia,  Tennessee,  and  Arkansas ;  it  is  usually  associated  with  salt 
springs.  Also  in  Nova  Scotia,  Peru,  etc.  It  is  characteristic  of  the  so-called  triassio,  or  red 
heds^  of  the  Rocky  Mountain  region ;  also  of  the  Cretaceous  in  the  west,  particularly  of  the 
days  of  the  Fort  Pierre  group,  in  which  it  occurs  in  the  form  of  transparent  plates. 

Handsome  selenite  and  snowy  gypsum  occur  in  N,  York,  near  Lockport ;  also  near  Camil- 
las, Onondaga  Co.  In  Maryland,  on  the  St.  Mary^s,  in  clay.  In  O/Uo,  laige  transparent 
crystals  have  been  found  at  Poland  and  Canfield,  TrumbuU  Co.  In  Tenn.^  selenite  and  ala- 
baister  in  Davidson  Co.  In  Kentucky,  in  Mammoth  Cave,  in  the  form  of  rosettes,  etc.  In 
If.  Soatia^  in  Sussex,  King^s  Co.,  large  crystals,  often  containing  much  symmetrically  dia- 
■eminated  sand  (Maish). 

Plaster  of  Paris  (or  gypsum  which  has  been  heated  and  ground  up)  is  used  for  making 
moulds,  taking  oasts  of  statues,  medals,  eta  ;  for  producing  a  hard  fii^h  on  walls:  also  in 
the  manufacture  of  artificial  marble,  as  the  scagliola  tables  of  Leghorn,  and  in  the  glacing  of 
porcelain. 


Monoclinic  (?).  A  prism  of  115°,  with  acute  edges  truncated.  Usually  in 
oompact  fibrous  masses. 

11.=:  2*5-3.  G.= 2*7689.  Lustre  resinous  or  slightly  pearly.  Streak 
red.  Color  fiesh-  or  brick-red,  sometimes  yellowish,  jd'ansniceiit — opaque. 
Taste  bitter  and  astringent,  but  very  weak. 

Oomp^— 2BS04+aq,  where  B=Ga  :  Mg  :  E,  in  the  ratio  2:1:1;  that  is,  KiMgCasSiOie 
-H2aq=Galoinm  sulphate  45*3,  magnesium  sulphate  19*9,  potassium  sulphate  28*9,  water 

^•0=:100. 

Pyr^  tfto^ — In  the  closed  tube  gives  water.  B.B  fuses  at  1  '5,  colors  the  flame  jeUow.  On 
eiiarcoal  fuses  to  a  reddish  globule,  which  in  RF.  becomes  white,  and  on  cooling  has  a  saline 
hepatio  taste ;  with  soda  like  glauberite.  With  fluor  does  not  give  a  clear  bead.  Partial  I  j 
flolnble  In  water,  leaving  a  residue  of  calcium  solphate,  whioh  dissolves  in  a  large  amount  of 


372  DvaoBipnYB  minebaloot. 

Oba. — Occurs  at  the  minoB  of  Isohl,  Ebensee,  Anmee,  Hallstatt,  and  Hallein  in 
with  common  salt,  gypsum,  and  anhydrite  ;  at  Berchtesgaden  in  Bayaria ;  at  Vio  in  Lonaine. 

The  name  Polyhalite  is  derived  from  iroXvs,  many^  and  &K$<,  »aUy  in  allusion  to  the  nnmber 
of  salts  in  the  constitution  of  the  mineral. 

Stnoenitk,  v.  Zepharovich;  Kaluszite.  Bumpf. — ^Near  polyhalite.  Composition  BSOi-K 
aq,  with  B=Ca  :  Ka=l  :  1,  that  is,  KiCaSd08+aq= Potassium  sulphate  53 i,  oalciam  sul- 
phate 4 1  '4,  water  5  '5 = 100.  Monoclinic.  Occurs  in  small  tabular  crystals  in  cavities  in  halite 
at  EaluBZf  East  Galicia. 

KiESEKiTfi.— MgS04+aq=rSu1phur  trioxide  58*0,  magnesia  28*0,  water  18-0=1(X). 
fort. 

PiCROMRRiTE  Is  K.MgSj08+6aq=Sulphur  trioxide  89 '8,  magnesia  9*9,  potash  23*4, 
»6-9=100.  Vesuvius;  Stassfurt. 

Bloedite. — Composition  .Na9MgSi08  +  4aq= Sulphur  trioxide  47*9,  magnesia  18^,  soda 
18*6,  water  21*5=100.  Salt  mines  of  Isohl;  also  in  the  Andes.  SiMomriTB  (TVcA^rmoit)  is 
identical. 

L(BWEiTE.—2NajMgS90s+5aq= Sulphur  trioxide  52*1,  magnesia  ISO,  soda  90-2,  water 
14-7=100.     From  IsohL 

EPSOBfllTB.    Epsom  Salt.     Bittersalx,  Oerm. 

Ortliorhombic,  and  generally  heinihedral  in  the  octahedral  modifications. 
IAI=  90°  34',  OAl-i  =  150°  2' ;  c:b:d  =  0-5766  :  1-01  :  1.  14  A  U, 
basal,  =  59°  27',  1-iAl-t,  basal,  =  59°  56'.  Cleavage:  brachydiagonal, 
perfect.     Also  in  botrjoidal  masses  and  delicately  fibrous  crusts. 

II.  =  2*25.  G.=l-751;  1*685,  artiticiul  salt.  Lustre  vitreous— earthy. 
Streak  and  color  white.    Transparent — translucent.    Taste  bitter  and  saline. 

Oomp. — ^MgS04+7aq,  when  pure  =  Sulphur  trioxide  82*5,  magnesia  16*3,  water  51-2=100. 

Pyr.,  etc. — Liquifies  in  its  water  of  crystallization.  Gives  much  water  in  the  dosed  tube 
at  a  high  temperature;  the  water  is  acid.  B.B.  on  charcoal  fuses  at  first,  and  finallj  jields 
an  infusible  alkaline  mass,  which,  with  cobalt  solution,  gives  a  pink  color  on  ignition.  Very 
soluble  in  water,  and  has  a  very  bitter  taste. 

Obs — Common  in  mineral  waters,  and  as  a  delicate  fibrous  or  capillary  effloresoenoe  on 
rocks,  in  the  galleries  of  mines,  and  elsewhere.  In  the  former  state  it  exiRts  at  Epsom,  Eng- 
land, and  at  Sedlitz  and  Saidschutz  in  Bohemia.  At  Idria  in  Camiola  it  occurs  in  silky  fibres, 
and  is  hence  called  hairsalt  by  the  workmen.  Also  obtained  at  the  gypsum  quarries  of  Mont* 
martre,  near  Paris ;  in  Aragon  and  Catalonia  in  Spain ;  in  Chili ;  found  at  Vesuvius,  etoi 

The  floors  of  the  limestone  caves  of  Kentucky,  Tennessee,  and  Indiana,  are  in  many 
instances  covered  with  epsomite,  in  minute  crystals,  mingled  with  the  earth.  In  the  Mam* 
moth  Cave,  Ky.,  it  adheres  to  the  roof  in  loose  masses  like  snowballs. 

Fauseufte. — A  hydrous  manganese-magnesium  sulphate.     Hungary. 


Copperas  Group. 

OHAIiOANTHITE.    Blue  Vitriol.     Kupfervitriol,  Germ. 

Triclinic.  OaI=  109°  32',  OA  I  =  127°  40',  /A  /'  =  123°  10',  OaI 
=125°  38',  OAi-l  =  120°  50',  OaU  =  103°  27'.  Cleavage:  /  imper- 
fect, /'  very  imperfect.     Occnrs  also  amorphous,  stalacjtitic,  reniform. 

H.=2*5.  (t.=:2*213.  Lnstre  vitreous.  Color  Berlin-blue  to  sky-bine, 
of  different  sliades;  sometimes  a  little  greenish.  Streak  uncolored.  Sub- 
transparent — translucent.    Taste  metallic  and  nanseous.    Somewhat  brittle. 

Comp. — CuSO^-f  5aq=Sulphur  trioxide  321,  copper  oxide  31 '8,  water  36*1  =100. 

Pyr.,  etc. — In  the  closed  tube  yields  water,  and  at  a  higher  temperature  sulphuzio  acid. 
B.  B.  with  Roda  on  charcoal  yields  metallic  copper.  With  the  fluxes  reacts  for  copper.  Sola* 
ble  in  water ;  a  drop  of  the  solucion  placed  on  a  surface  of  iron  coats  it  with  metaUio  copper. 

Ob9. — Blue  vitriol  is  found  in  waters  issuing  from  mines,  and  in  connection  with  rocks  con- 
ioiuing  chalcopyrite,  by  the  alteration  of  which  it  ia  formed.     Some  of  ita  foreign  looalitiif 


OXYGEN  OOMPOUNDB. — BULPHATES.  373 

ttie  the  Rammelsberg  xninef  near  Goslar,  in  the  Han ;  Fahlnn  in  Sweden ;  at  Parys  mine. 
Anglesey;  at  yarious  mines  in  Go.  of  Wicklow;  Bio  Tinto  mine,  Spain.  Found  at  the 
Hiwaasee  copper  mine,  and  other  mines,  in  Polk  Co. ,  Tennessee ;  at  the  Oanton  miae,  Georgia ; 
at  Copiapo,  Chili,  with  stypticite. 

When  purified  it  in  employed  in  dyeing  operations,  and  in  the  printing  of  cotton  and  linen, 
and  for  Tarious  other  purposes  in  the  arts.  It  is  manufactured  mostly  from  old  sheathing, 
copper  trimmings,  and  refineiy  scales. 

Othei  vitriols  are : — Melanteritb,  iron  yitriol ;  Pisanitb,  iron-copper  vitriol ;  (}08LAR- 
ITB,  zinc  yitriol;  Bibberitk,  cobalt  vitriol ;  Morenobite,  nickel  vitriol :  Cupromaonbbitk, 
copper-magnesium  vitriol  (Vesuvius).  These  are  all  alike  in  containing  7  molecules  of  watei 
of  crystallkation. 

Alunogen (Haarsalz,  OermJ), — AlSaOi9+18aq=Sulphurtrioxide36*0,  aluminal5'4,  watei 
48*6=100.     Taste  like  that  of  alum.     Vesuvius;  Konigsberg,  Huugaiy. 

COQUIMBITB.— FeS30i2+9aq=Sulphur  trioxide  42-7,  iron  sesquioiide  28*5,  water  28*8= 
100.     Coquimbo,  Chili. 

Ettbinoitb  (Xeftmann).— Analysis,  SOa  16*04,  3^10.  7*76,  CaO  27*27,  H,0  45*82.  In  hexa- 
gonal needle-like  crystals  from  the  lava  at  Ettringen,  Laacher  See. 

Alum  and  Halot/riehUe  Oroups, 

Here  belong :  Tschbrmigite,  ammonium  alum.  Kalinitb,  potassium  alum,  or  conunon 
alum.  Mbndozitb,  sodium  alum.  PiCKERmGiTB,  magnesium  alum.  Apjohnitb,  man- 
ganese alum.  BosJBMANNiTE,  mangano-magneflium  alum.  Halotrichite,  iron  alum. 
Also  BcBMBRiTB,  and  Voltaitb. 


CX>PIAPIT1L 

Hexagonal  (?).  Loose  aggregation  of  crystalline  scales,  or  granular  massive, 
the  scales  rhombic  or  hexagonal  tables.  Cleavage:  basal,  perfect.  In- 
cnisting. 

H.=l-5.  G.=2-14:,  Borcher.  Lustre  pearly.  Color  sulphur-yellow, 
citron-yellow.     Translucent. 

Oomp. — Fe3S»03i+18aq,  Rose;  5FeSaOis+H«FeO«=Sulphur  triozide  41*9,  iron  sesqui- 
oxide  33*5,  water  24-5=10a 

Pirr.,  etc. — ^Yields  water,  and  at  a  higher  temperature  sulphuric  acid.  On  charcoal  be- 
comes magnetic,  and  with  soda  affords  the  reaction  for  sulphur.  With  the  fluxes  reactions 
for  iron.    In  water  insoluble. 

Obs.— Common  as  a  result  of  the  decomposition  of  pyrite  at  the  Bammelsberg  mine,  near 
Goslar  in  the  Hans,  and  elsewhere. 

This  species  is  the  yellow  copperas  long  caUed  mi^,  and  it  might  weU  bear  now  the  name 
MiityUte. 

Baihondite. — Composition  FesSaOi»+7aq.  Fibrofbbritb  (stypticite).— Composition 
FeS,O»+10aq. 

BoTRTOOEN  is  red  iron  yitriol,  exact  composition  uncertain.  Fahlun,  Sweden.  Bartho* 
LOif  ITB,  West  Indies,  is  related. 

Ihlbitb. — FeaSsOi9+l^^.  Occurs  as  a  yeUow  efflorescence  m  graphite  from  Mugran, 
Bohemia  {Sehra/uf), 


ALXTBAINITU. 


Reniform,  massive ;  impalpable. 

H.=l-2.      ti.=l-66.      Lustre  dull,  earthy.      Color  white.      Opaque. 
Fracture  earthy.     Adheres  to  the  tongue ;  meagre  to  the  touch. 
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Oomp.— A180«+9aq=Salphnr  trioxide  28*2,  alamina  29*8^ water  47*0=100. 

P3rr.,  etc. — In  the  closed  tube  giyes  much  water,  which,  at  a  high  temperatare,  becomai 
add  from  the  evolution  of  sulphorons  and  solphnrio  oxides.  B.B.  infusible.  WithoolMilfe 
solution  a  fine  blue  color.     With  soda  on  charcoal  a  hepatic  mass.     Soluble  in  acida. 

Obs. — Occurs  in  connection  with  beds  of  clay  in  the  Tertiary  and  Post* tertiary  fannatkMis. 
Found  near  Halle ;  at  Newhaven,  Sussex ;  Epemay,  in  Lunel  Yieil,  and  Auteoil,  in  Frmctt. 

Werthemanitk. — A1S0«  4-8aq.     G.  =2*80.    Occurs  near  Chachapoyas,  in  Pern. 

Alunitk,  Alaunstein,  Germ. — Composition  KtAlsS403«  +  6aq.  RhombohedraL  Also 
massive,  fibrous.  Forms  seams  in  trachyte  and  allied  rocks.  Tolfa,  near  Rome ;  Tiuoaiiy; 
Hungary ;  Mt.  Dore,  France,  eta 

LowiQiTB. — Same  composition  as  alunite,  but  contains  3  parts  more  of  w«ter.  Tabna, 
Silesia. 

UNARim.    Bleilasur,  Eupferbleispatb,  Oerm, 

MonocliTiic.     C=  77°  27' ;  I^  /,  over  i4,  =  61°  36',  (9  A  l-i  =  141^  5', 

c:b:d  =  0-4:8134  :  0-5S19  :  1,  Hessenberg.  Twins: 
twinning-plane  i-i  conimon ;  0^0'-=^  154®  54'. 
Cleavage:  i-i  very  perfect;  6^  less  so. 

H.=2*5.  G.=5.3-5*45.  Lustre  vitreous  or  ada- 
mantine. Color  deep  azure-blue.  Streak  pale  blue. 
Translucent.     Fracture  conchoidal.    Brittle. 

Oomp — PbCuS0ftH-aq=(Pb,Cu)S04+H9(Pb,Cu)0a~Sulphur  trioxide  20-0,  leadoadde  55  7, 
copper  oxide  10 '8,  water  4 '5 =100. 

Pyr.,  etc, — In  the  closed  tube  yields  water  and  loses  its  blue  color.  B.B.  on  oharooal  fuses 
easily  to  a  pearl,  and  in  B.F.  is  reduced  to  a  metallic  globule  which  by  continued  treatment 
coats  the  coal  with  lead  oxide,  and  if  fused  boron  trioxide  is  added  yields  a  pure  globule  of 
oopper.  With  soda  gives  the  reaction  for  sulphur.  Decomposed  with  nitric  acid,  leaTing  a 
vhite  residue  of  lead  sulphate. 

Obs. — Formerly  found  at  Leadhills.  Oocurs  at  BoughtenOill,  Red  Gill,  etc.,  in  Cumber- 
lj!\d  ;  uear  Bchneeberg,  rare;  in  Dillenburg;  atRetzbanya;  in  Nertschinsk ;  and  near  Beresof 
in  the  Ural ;  and  supposed  formerly  to  be  found  at  Linares  in  Spain,  whence  the  name. 


BROOHANTTTE. 

Monoclinic.  G  =  89°  27i'.  7  A  /  =  104°  6^',  6>  A 14  =  154°  12^' ;  c  : 
J  :  a  =  0'61983  :  1*28242  :  1.  8chrauf  di8tingui8he8  four  types  of  forma : 
I.  l)rochantite  from  Retzbanya  (two  vai'ieties),  also  from  Cornwall  and 
Ilii.'^-ia,  triclinic  ;  II.  Wan*in^tonite  from  Cornwall,  a  third  variety  from 
Retzbanya,  monoclinic  (?) ;  III.  Brochantite  from  Nischne-Tagilsk,  mono- 
clinic — triclinic ;  IV.  Koni^iiie  from  Russia,  and  a  fourth  variety  from  Retz- 
banya, monoclinic  (or  orthorhombic). 

Also  in  groups  of  acicular  crystals  and  drusy  crusts.  Cleavage :  t-t  very 
perfect;  /  in  traces.     Also  massive;  reniform  with  a  columnar  structui-e. 

II. =3-5-4.  G.=3-78-3-87,  Magnus ;  3*9069,  G.  Rose.  Lustre  vitreous; 
a  little  pearly  on  the  cleavage-face.  Color  emerald-green,  blackish-green. 
Streak  paler  green.     Transparent — translucent. 

Oomp.— Cu4SO7+:^HiO  =  0uSO4  +  3HaCuOs=Sulphur  trioxide  17*71,  copper  oxide  70  34, 
water  11  •95  —  100.  This  formula  belongs  to  type  IV.,  above ;  the  warring^uite  correspondfl 
more  nearly  to  CuS04+3^•iCuOi-^H•JO,  and  the  existence  of  other  yarieties  has  been  alBO 
aHSumed. 

Pyr.,  etc. — Yields  water,  and  at  a  higher  temperature  sulphurio  acid,  io  the  closed  tube, 
an4  becomes  black.  B.B.  fuses,  and  on  charcoal  affords  metallio  copper.  With  soda  gives 
the  reaction  for  sulphuric  acid. 
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Cbfl.— Oooon  «t  GameaoheYsk  and  Niaohne-Tagilak  in  the  Ural ;  the  Konigine  (or  K^nigiU) 
was  from  Gnmeedieysk :  near  Bonghten  Gill,  in  Oumberland  ^  in  Cornwall  (in  part  warring- 
UmiU) :  at  Retzbanya ;  in  Nassan ;  at  Erisavig  in  Iceland  {kruumgite) ;  in  Mexico  (brangnar' 
Une) ;  in  Chili,  at  Andacollo  ;  in  Australia. 

Named  after  Brochant  de  Villiers. 

Lanoitb. — CuS04+2HsCaOi  +  2aq.  In  crystals  and  concretionary  cmsts  of  a  bine  color. 
G.=3'5.     Cornwall. 

Ctanotbichitb,  Lettsomite.  Knpfersanmiterz,  Oerm, — In  velvety  droses.  Color  blue. 
A  hydrons  sulphate  of  copper  and  aluminum.  Moldava  in  the  Banat.  Woodwabditb,  near 
the  above. 

Eiii>NKiTK  — CuSO 4-^  Na«S04  +  2aq = Copper  sulphate  47'2,  sodium  sulphate  421,  water 
10*7=100.  In  ineg^aiar  crystalline  masses  of  a  coarse  fibrous  structure,  prismatia  Color 
azure-blue.  Moist  to  the  touch.  Found  in  the  copper  mines  near  Calama,  Bolivia.  (Dameyko.) 

PniLi.iPXTE. — CuS04+FeSaOi9+naq.  In  irregular  fibrous  masses,  not  prismatic.  Color 
blue.     In  the  Cordilleras  of  Condes,  Santiago,  ChiH.     {Dotneyko.) 

Enysite. — Occurs  in  stalootitio  forms  in  a  cave.  H.  =2-2*4.  G.  =1'59.  Color  bluish- 
green.  B.B.  infusible.  Analysis:  SO,  812,  MOn  29*85.  CuO  16-01,  CaO  185,  H,0  39*42, 
SiO,  3-40,  CO,  1-05=100.     Near  St.  Agnes,  ComwalL    (ColUm,  Min  Mag.,  1.  p.  14.) 

Uranium- suLPHATEa — There  are  included  here  j'Manni^,  uranoohaleUe^  mec{jidite^  zippeiU^ 
voyUanite^  uraconiie.  These  are  seoondaxy  products  found  with  other  nzanium  minerals  al 
JoMchimsthaL 


TlCLLUBATBa. 


MONTANTTB. 


InoruBting ;  without  distinct  ciTBtalline  Btmcture. 
Soft  and  earthy.     Lustre    dull    to  waxy.     Color  yellowish  to  white. 
Opaque. 

Oomp^— BisTe0«+2aq=TeUurium  trioxide  26*1,  bismuth  oxide  68*6,  water  5*3=100. 
P3rr-}  Btc. — ^Yields  water  in  a  tube  when  heated.    B.B.  gives  the  reactions  of  bismuth  and 
feeUiuium.     Soluble  in  dilute  hydrochlorio  add. 
Obi>— Inamsts  tetradymite,  at  Highland,  in  Montana ;  Davidson  Oo.,  N.  0. 


DKBOBiFTirx  wasuLoaT. 


r.  CAEBONATE8. 

AkHTDBODB   CABBOSAtSa. 

Calcite  Oroup. 

OALCn^B.   CaloSint.    EaUcapsth,  Otnm. 

Ehombohedral.     BaB,   teiminal,  =  105°   5',  OhR  =  135' 
0-8643.    Cleavage :  ^  highlj  pei-foet. 


38';  h-= 


Angles  or 

8CA1,ENOHEDBON  a. 

X  (f.  734). 

Y.              Z. 

EdgeX. 

T. 
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159°  24'        64-  W 

1' 

130'  ST 

164°     I' 
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104°  38' 
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-i' 

117°  23- 

149°  -IS' 
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OXTant  OOHPODIISS. — oabboitatbb. 


basal  (or  parallel  to  O).    (^  JS,  the  vortical 
y  at  right  angles.     (3)  —35.     '"       ■  "    ' 
lis  in'cliaed  to  oue  anoth 
inatic  plane  *-2.     (6)  plane  i  (see  p.  95). 


TwinB:  (l)Twinning-pli  ,     _ 

azee  of  the  two  forms  nearly  at  right  angles, 
vertical  axes  of  the  two  forms  inclin 


another  127°  34'. 


— 1«,  in 
(5)  Pri 


AIbo  fibrona,  Ixtth  coarse  and  fine;  Bometiraes  lamellar ;  often  granular; 
from  coarse  to  impalpable,  and  compact  to  earthy.  Also  stalactitie,  tube- 
rose, nodnlar,  and  other  imitative  fonns. 

H.=2-5-3-5;  some  earthy  kinds  (chalk,  etc.)  1.  G.^2-508-2-778;  pure 
fiiTBtals,  2'72i3-2-7234,  Beud.  Lustre  vitreous — Bubvitreoua — earthy.  Color 
white  or  colorleaa ;  also  various  pale  shades  of  gi^aji  red,  green,  blue,  violet, 
yellow;  also  brown  and  black  when  impure.  Streak  white  or  grayitth. 
Transparent — opaque.  Fracture  usually  eonchoidal,  but  obtained  with 
difficiilty  when  the  specimen  is  crystallized.     Double  refraction  strong. 


A^iton-Hoor. 


Oomp.  Var^-Caldte  ia  otldnm  caibouate,  CaCO,=Cubon  dioxide  4),  lime  GS=1DD. 
Part  of  the  caloiTun  is  sometimes  repluoed  by  ma^asium,  iron,  or  muigwiese,  more  zaidj  bj 
•trontiam,  barium,  ziao,  or  lead. 

The  Tarietics  are  very  namecouu,  ftnd  diverse  in  appearaniM.  Tliej  depend  mainly  on  the 
ftdlowtng  points  :  |1)  difteiences  ia  crystallization;  (3)  in  Btraotaral  oonditioa,  the  extreme* 
being  perfect  crystals  and  earthy  mamive  form* ;  (3)  in  nolor,  diaphaneity,  odor  on  fricUon, 
doe  to  impQTitieB ;  (4)  in  modes  of  oripn. 

1.  Cryttaliiud.  Crystals  and  orystaUizedmaases  afford  easily  cleavage  rhombohedronB;  and 
when  transparent  they  are  called  Jadand  ^par,  and  bIjm  Daubtg-'tfraeting  Spar  (Doppela- 
p«th.  Germ.). 

The  crystoJs  vary  in  propottioiit  Irom  broad  tabular  to  moderately  ^lender  aoicular.  SJod 
take  a  great  diversity  of  forms.  But  the  extreme  kinds  so  past  into  one  another  throngh  thOM 
that  am  intermediate  that  no  satisCaotory  cIssaiBcatioa  i«  possible.  Uany  are  stoat  or  short 
In  shape  because  normally  so.      Bat  other  forms  that  are  long  taperii^  in  their  fnli  develop- 
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ment  oocar  short  and  stont  because  abbreriated  by  an  abrupt  terminatioii  in  a  bioad  0,  or  aa 
obtuse  rhombohedron  (as  -^  or  i?),  or  a  low  scalenohedron  (as  i*),  or  a  combination  of  thaM 
forms ;  and  thus  the  crystals  having  essentially  the  same  combinations  of  planes  vaiy  greatly 
in  shape.     The  acute  scalenohedrons  like  f .  724,  are  called  dog-tooth  apar. 

Fontaineblettu  Umestone,  Crystals  of  the  form  in  f.  719o,  from  Fontainebleaa  and  Nemoua, 
France,  containing  a  large  amount  of  sand,  some  50  to  63  p.  o.  Similar  sandstone  oiy»- 
tnls  occur  at  Sievring,  near  Vienna,  and  elsewhere.  Pseudomorphous  scalenohedrQDS  of  Mod- 
stone,  after  calcite,  are  found  near  Heidelberg. 

Satin  Spar ;  fine  fibrous,  with  a  silky  lustre.  Resembles  fibrous  gypsum,  whi<A  is  also 
called  satin  spur,  but  is  m<ich  harder  and  effervesces  with  acids.  Argentine  (SohieferMpatk), 
a  pearly  lamellar  calcite,  the  lamelhe  more  or  less  undulating;  color  white,  grayish,  yellowish, 
or  reddish.  Aphrile,  in  its  harder  and  more  sparry  variety  {SchaunupfUh)  is  a  foliated  white 
pearly  calcite,  near  argentine ;  in  its  softer  kinds  (Seluium&rde,  Silvery  ChaUc^  Kcume  de  Tern 
H.)  it  approaches  chaSc,  though  lighter,  pearly  in  lustre,  silvery- white  or  yellowish  in  color, 
soft  and  greasy  to  the  touch,  and  more  or  less  scaly  in  structure. 

2.  Mamve  Varieties,  Qranvkir  Umestone  {Saecharoidai  Urnestone,  so  named  because  like  leaf  • 
sugar  in  fracture).  The  texture  varies  from  quite  coarse  to  veiy  fine  gprannlar,  and  the  latter 
passes  by  imperceptible  shades  into  compact  limestone.  The  colors  are  various,  as  white, 
yellow,  reddish,  green,  and  usually  they  are  clouded  and  give  a  handsome  effect  when  the 
material  is  polished.  When  such  limestones  are  fit  for  polishing,  or  for  arohitectnial  or  orna- 
mental use,  they  are  called  marbles.  StaUvary  marble  is  pure  white,  fine  grained,  and  firm 
in  texture.  Uard  compact  limestone^  varies  from  nearly  pure  white,  through  grayish,  drab, 
buff,  yellowish,  and  reddish  shades,  to  bluish-gray,  dark  brownish-gray,  and  black,  and  is  some- 
times variously  veined.  The  colors  dull,  excepting  ochre-yellow  and  ochre-red  vatietiea 
Many  kinds  make  beautiful  marble  when  polished. 

SfieU-marble  includes  kinds  consisting  largely  of  fossil  shells.  Ruin'mariie  is  a  kind  of  com- 
pact calcareous  marl,  showing,  when  polished,  pictures  of  fortifications,  temples,  etc. ,  in  roim, 
due  to  infiltration  of  oxide  of  iron.  Lithographic  stone  is  a  very  even  grained  compact  lime- 
stone, usually  of  buff  or  drab  color ;  as  that  of  Solenhofen.  Brecoia  marble  is  made  of  fn^r* 
ments  of  limestone  cemeuted  together,  and  is  often  very  beautiful  when  the  fragments  are  of 
different  colors,  or  are  imbedded  in  a  base  that  contrasts  well.  The  colors  are  very  varioaa. 
Ptidding  stone  marble  consists  of  pebbles  or  rounded  stones  cemented.  It  is  often  called, 
improperly,  breccia  marble. 

Ilf/druulic  limestone  is  an  impure  limestone.  The  varieties  in  the  United  States  contain  20 
to  40  p.  c.  of  magnesia,  and  12  to  30  p.  c.  of  silica  and  alumina. 

Soft  comjKict  Umestone.  Chalk  is  white,  grayish  -white,  or  yellowish,  and  soft  enough  to 
leave  a  trace  on  a  board.  The  consolidation  into  a  rock  of  such  softness  may  be  owing  to  the 
fact  that  the  material  is  largely  the  hollow  shells  of  rbizopods.  Calcareous  maii  (Mergel- 
kalk.  Germ. )  is  a  soft  earthy  deposit,  often  hardly  at  all  consolidated,  with  or  without  dur 
tinct  fragments  of  shells  ;  it  generally  contains  much  clay,  and  g^duates  into  a  calcareooi 
clay. 

Concretionarg  massive.  Oolite  (Rogenstein,  Germ,)  is  a  granular  limestone,  but  its  grains 
are  minute  rounded  concretions,  looking  somewhat  like  the  roe  of  a  fish,  the  name  coming 
from  ^LKw.^  egg.  It  occurs  among  all  the  geological  formations,  from  the  Lower  Silurian  to 
the  most  recent,  and  it  is  now  forming  about  the  coral  reefs  of  Florida.  PiitotUe  (Erbsentein, 
Germ.)  consists  of  concretions  as  large  often  as  a  small  pea,  or  even  larger,  the  concretioDS 
having  usually  a  distinct  concentric  structure.  It  is  formed  in  large  masses  in  the  vicinity  of 
the  Hot  Springs  at  Carlsbad  in  Bohemia. 

T)ej>fmt€dfrom  adcareous  springs^  streams,  or  in  caverns.,  etc.  (a)  Stalactites  are  the  calcareouf 
cylinders  or  cones  that  hang  from  the  roofs  of  limestone  caverns,  and  which  are  formed  from 
the  wat-^u-s  that  drip  through  the  roof;  these  waters  hold  some  calcium  bicarbonate  in  eola- 
tion, and  leave  calcium  carbonate  to  form  the  stalactite  when  evaporation  takes  place.  Sta- 
lactites vary  from  transparent  to  nearly  opaque ;  from  a  granular  crystalline  structnre  to  t 
radiabing  fibrous ;  from  a  white  color  and  colorless  to  yellowish -gray  and  brown.  (6)  Stalof' 
ffiite  is  the  same  material  covering  the  tloors  of  caverns,  it  being  made  from  the  waters  that 
drop  from  the  roofs,  or  from  sources  over  the  bottom  or  sides ;  cones  of  it  sometimes  rise  from 
the  rtoor  to  meet  the  stalactites  above. 

(c)  Odk-ftinter,  Travertine^  Cole  Tvfa.  Travertine  ( Confetto  di  TivoU)  is  of  essentiaUy  the 
same  origin  with  stalagmite,  but  is  distinctively  a  deposit  from  springs  or  rivers,  especially 
wh(^ro  in  lar^^e  deposits,  as  along  the  river  Anio,  at  Tivoli,  near  Rome,  where  the  deposit  is 
scons  (»f  feet  in  thickness.  It  has  a  very  cavernous  and  irregularly  banded  structure,  owing 
to  its  mode  of  formation, 

i'i)  .Ai/arir,  inifieral;  Rock-milk  {Bergtnilcht  Afontmilch^  Germ.)  is  a  very  soft,  white  material, 
breaking-  easily  in  the  fingers,  deposited  sometimes  in  caverns,  or  about  souzoes  holding  lime 
in  solution. 


OXYQSH  OOMPOTTNDS. — OABBONATBS.  379 

^meal  {BergmM,  Germ.)  U  white  and  lig^t,  like  cotton,  becoming  a  powder  on  the 
pressure.  It  is  an  eflioresoenoe,  and  is  common  near  Paris,  e8X>eoially  at  the  quarries 
Te. 

fto. — In  the  closed  tube  sometimes  decrepitates,  and,  if  containing  metallic  ozideSj 
ige  its  color.  B.B.  infusible,  but  becomes  caustic,  glows,  and  colors  the  flame  red 
tion  the  assay  reacts  alkaline ;  moistened  with  hydrochloric  acid  imparts  the  charao- 
ime  color  to  the  tlame.  In  borax  dissolyes  with  effervescence,  and  if  saturated, 
.  cooling  an  opaque,  milk-white,  crystalline  bead.  Varieties  containing  metaUio 
lor  the  borax  and  salt  of  phosphorus  beads  accordingly.  With  soda  on  platinum  foil 
i  clear  mass;  on  charcoal  it  at  first  fuses,  but  later  the  soda  is  absorbed  by  the  coal, 
m  infusible  and  strongly  luminous  residue  of  lime.  In  the  solid  mass  efferresces 
isiened  with  hydrochloric  acid,  and  fragments  dissolve  with  brisk  effervescence  eyen 
dd. 

Distinguishing  characters :  perfect  rhombohedral  cleavage ;  softness,  can  be  scratched 
dfe  ;  effervescence  in  cold  dilute  acid ;  infusibility.  Less  hard  and  of  lower  specific 
iian  aragonite. 

Andreasberg  in  the  Harz  is  one  of  the  best  European  localities  of  crystallized  calcite ; 
other  localities  in  the  Tyrol,  Styria,  Carintbia,  Hungary,  Saxony,  Hesse  Darmstadt 
MM}h),  Hesse  Caasel,  Norway,  France,  and  in  England  in  Derbyshire,  Cumberland, 
;    Scotland  ;  in  Iceland. 

tX.  States  prominent  localities  are :  in  iV.  York,  in  St.  Lawrence  and  Jefferson  Cos., 
r  at  the  Roesie  lead  mine  ;  in  Antwerp ;  dog-tooth  spar^  in  Niagara  Co. ,  near  Lock- 
ar  Booneville,  Oneida  Co.  ;  at  Anthony^s  Nose,  on  the  Hudson ;  at  Watertown, 
ineral;  at  Schoharie,  fine  stcUctetitfs  in  many  caverns.  In  Conn.y  at  the  lead  mine, 
wn.  In  N.  Jersrp^  at  Bergen.  In  Virginia,  at  the  celebrated  Wier^s  cave,  stalaelitea 
t>eauty;  also  in  the  large  caves  of  Kentucky.  At  the  Lake  Superior  copper  mines, 
crystals  often  containing  scales  of  native  copper.  At  Warsaw,  UJUnou  ;  at  Quiucy, 
iazle  Green,  IFw.    In  Nova  Scotia,  at  Partridge  L 


\/       DOIiOMlTXI. 

nbohedral.      RnR^  106°  15',    OnR^  136°   8*' ;    ^  =  0-8323. 

varies  between  106°  10'  and  106°  20'.  Cleavage : 

feet.      Faces  R  often   curved,   and   secondary 

usually  with  boiizontai  striae.     Twins :  similar 

13.     Also  in  imitative  shapes;  also  amorphous, 

kr,   coarse  or  fine,   and  grains   often    slightly 

It. 

8'5-4.     G.=2'8-2*9,  true  dolomite.     Lustre  vit- 

nclining  to  pearly  in  some  varieties.     Color  white,  reddish,  or  green- 

te ;  also  rose-red,  green,  brown,  gray,  and  black.     Subtransparent  to 

cent.     Brittle. 

.,  Var. — (Ga,Mg)GOs,  the  ratio  of  Ca  :  Mg  in  normal  or  true  dolomite  is  1  :  l=Cal* 
rbonate  54*35,  magnesium  carbonate  45*65.     Some  kinds  included  under  the  name 
er  proporticms ;  but  this  may  arise  from  their  being  mixtures  of  dolomite  with  calcite 
asite.     Iron,  manganese,  and  more  rarely  cobalt  or  zinc  are  sometimes  present, 
uieties  are  the  following : 

QJliiMd.  Pearl  apar  includes  rhombohedral  crystaUizations  with  curved  faces.  Mum-' 
brous.  Oranuiar  constitutes  many  of  the  kinds  of  white  statuary  marble,  and  white 
red  architectural  marbles,  names  of  some  of  which  have  been  mentioned  under  calcite. 
ict  fnasnve,  like  ordinary  limestone.  Many  of  the  limestone  strata  of  the  globe  are 
uded,  and  much  hydrauUe  limestone,  noticed  under  calcite. 

'erotis;  Brown  spar,  in  part.    Ck>ntains  iron,  and  as  the  proportion  increases  it  gradn- 

>  ankerite  (q.  v. ).     The  color  is  white  to  brown,  and  becomes  brownish  on  exposure 

oxidation  of  the  iron.     Manganiferous.     Colorless  to  flesh-red.     i?  a  22=106'*  23  ; 

CobaUiferoua.    Colored  reddish  ;  G.=2  921,  Qibbs. 
irieties  based  on  variations  in  the  proportions  of  the  carbonates  are  the  following : 
nal  dolomiU,  ratio  of  Ca  to  Mg=l  :  1,  {b)  ratio  H  ;  1=3  :  2 ;  ratio=2  :  1 ;  ratio  3  : 
=5:1;  ratio  1  :  3.    The  last  (/)  may  be  dolomitic  magnesite ;  and  the  others,  from 
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(6).  dolomitio  oaldte,  or  oalcite+ dolomite.  The  maimer  in  whioli  dolomite  is  oCtod  mlud 
with  oaldte,  forming  its  veins  and  its  fossil  shells  (see  below),  shows  that  this  is  not  impn^ 
able. 

P3rr.,  etc. — B.  B.  acts  like  caloite,  bat  does  not  give  a  olear  mass  when  fused  witli  soda  ca 
platinnm  foiL  Fragments  thrown  into  oold  acid  are  vexy  slowly  acted  upon,  while  in  fwwte 
in  warm  acid  the  mineral  is  readily  dissolved  with  efFerresoence.  The  fenifetooB  dotoiaitii 
become  brown  on  ezposare. 

Dift — Resembles  oalcite,  but  generally  to  be  distinguished  in  that  it  does  not  effeifSSM 
readily  in  the  mass  in  cold  acid. 

Obs. — Massiye  dolomite  constitntes  extensive  strata,  called  limestone  strata,  in  variosi 
regions.  Crystalline  and  compact  varieties  are  often  associated  with  serpentine  and  other 
magnesian  rocks,  and  with  ordinary  limestones.  Some  of  tiie  prominent  looalities  are  at  Sab- 
burg;  the  l^ol;  Schemnitz  in  Hungary;  Kapnik  in  Transylvania;  Freiberg  in  Sazooj; 
the  lead  mines  at  Alston  in  Derbyshire,  etc. 

In  the  U.  States,  in  Vermont^  at  Boxbnry.  In  Bhoda  Idandj  at  Smithfield.  In  2f,  J«rMy, 
at  Hoboken.  In  it.  Tork^  at  Lockport,  Niagara  Falls,  and  Rochester ;  also  at  Gleim*s  FsUi, 
in  Richmond  Co.,  and  at  the  Pariah  ore  bed,  St.  Lawrence  Co.;  at  Brewster,  Putnam  Ca 

Named  after  Dolomieu,  who  announced  some  of  the  marked  oharacteristiGS  of  the  rock  ia 
1791 — its  not  effervescing  with  acids,  while  burning  like  limestone,  and  its  sdhibility  after 
heating  in  aoida 


Rhombohedral.  i?  A  i?  =  106°  7',  Zepharovich.  Also  cryBtalline  mi»- 
eive,  coarse  or  fine  granular,  and  compact 

EL=3-5-4.    G.=2*95-3-l.    Lustre  vitreous  to  pearly.    Color  white,  gray, 

reddish.     Translucent  to  subtranslucent 

Oomp. — CaCOs + FeCOs  +a;(CaMgC30e).  Here,  according  to  Boricky.  x  maj  haTe  the  vahMs 
iy^f  h  h  ^1  ^>  3>  ^>  ^t  10.  The  varieties  having  the  five  higher  values  of  m  he  calls  parm^ 
kerit^^  while  the  others  are  normal  ankerits.  If  «=1,  the  formula  is  equivalent  to  SCaCOa-r 
MgCOa+FeCOa,  and  requires:  Calcium  carbonate  50,  magnesium  carbonate  21,  iron  oszbon- 
ate  29=100.     Manganese  is  also  sometimes  present. 

P3n^.,  etc. — B.B.  like  dolomite,  but  darkens  in  color,  and  on  charcoal  becomes  black  and 
magnetic ;  with  the  Huxes  reacts  for  iron  and  manganese.  Soluble  with  effervescence  in  the 
acids. 

Obs. — Occurs  with  siderite  at  the  Styrian  mines ;  in  Bohemia;  Siegen ;  Sohneebeqr  >  ^^if^ 
Scotia,  etc. 


MAGNSSrrB. 

Rhombohedral.  IiAji  =  107°  29',  OAji  =  186°  66' ;  i  —  0-8095. 
Cleavage:  rhombohedral,  perfect.  Also  massive;  granular,  to  very  com- 
pact. 

H.=3-5-4-5.  G.=3-308,  cryst.;  2-8,  earthy;  8-3-2,  when  ferriferous. 
Lustre  vitreous ;  fibrous  varieties  sometimes  silky.  Color  white,  yellowii?h 
or  grayish-white,  browu.     Transparent — opaque.     Fracture  flat  conchoidal. 

Var. — Ferriferous^  Breunerite;  contaiziing  several  p.  c.  of  iron  protoxide;  0.=S-S'3; 
white,  yellowlRh,  browoish,  rarely  black  and  bituminous;  often  becoming  brown  on  exposure, 
and  hence  called  Brown  Spar, 

Comp. — Magnesium  carbonate,  MgCOs=Carbon  dioxide  52*4,  magnesia  47 '6 =100:  but  iron 
often  replacing  some  magnesium. 

Pyr.,  etc.— B.  I{.  resembles  calclte  and  dolomite,  and  like  the  latter  is  but  alighily  acted 
upon  by  cold  acids  ;  in  powder  is  readily  dissolyed  with  effervescenoe  in  warm  hydrochloric 
acid. 

Obs. — Found  in  talcose  schist,  serpentine,  and  other  magnesian  rooks ;  as  Teina  in  serpen* 
tine,  or  mixed  with  it  so  as  to  form  a  variety  of  verd-antique  marble  {magnmiUe  aphkHU  o( 
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Bout)  'j  &1ki  in  CsDvla,  aa  b  ro^  mora  or  1«h  pore,  uaociftted  with  ateatite,  Mipantine,  wad 
dcdomite. 

Oomin  ftt  Hmbsohflti  in  Horana ;  in  StTria,  and  in  tbe  T7T0I ;  at  Pnnkenatelo  in  Sileaia ; 
SnaTom,  N onray ;  Bandianeta  ttnd  CaatellaiuDDte  in  Piedmont.  In  America,  at  Bolton,  Haai. ; 
mt  Barehills,  neai  Baltimore,  Md.  ;  in  Peon.,  at  West  Ooehen,  Oheatei  Co.  ;  near  Texas,  Lan- 
eaater  Co.  ;  Califomis. 

HEsmTB  and  Pibtomkbite  oome  under  the  genenl  (onnaU  (MK,Fe)COi ;  with  the  formei 
Mg  :  ?e=S  :  1 ;  with  the  Utter=l  :  1. 

BIDBBTTE.    Spathic  Iron.    OhalfUt*.  Ssenipatb,  0*rm.  X/ 

Rhombohedrhl.    ^A^=107°,  (?A.ff  =  136"  37';  c  =  0-81715.    The 
&ces  often  curved, 88 below.     Cleavage:  rhoin- 
bohedral,  perfect.    Twins :  twinning-pUne  —J.  "" 

Also  in  botryuidal  and  globular  forms,  siib- 
fibroQB  within,  oc-casionally  Bilky  fibrous.  Often 
cleavable  massive,  with  cleavage  planes  undu- 
lating,    Ooarae  or  fine  granular. 

H.=3'5-4'5.  G.=3'7-3'9.  Lustre  vittwus, 
more  or  less  pearly.  Streak  white.  Color  aah- 
gray,  yeliowieh-gray,  greenish-gray,  also  brown 
and  bniwnish-red,  rarely  green ;  and  Bumetimes 
white.  Translucent — subtrauslucent.  Fracture 
nueven.     Brittle. 

Oomp,,  Tar, — Iron  oaibonate,PeCOi=Carbon  dioxide  37'tl,  iron  protoxide  631.  Bnt  part 
xA  the  lion  nsnallj'  replaced  by  manganeee,  and  often  by  magnesinm  or  oalclntn.  Some 
wietiei  oootain  S-10  p.  o.  HnO. 

The  principal  Tarietica  are  the  following : 

(1)  Or^aary.  (a)  CryxiailUtd.  (fi)  GoneretianaTy= HphiiroHdentt ;  in  globnlar  concretions, 
etUier  wdid  or  concenlric  acaly.  with  nsuallj  a  Sbroiu  structnre.  (e)  OTaaular  to  oompoef  miM- 
tit«,  ((f)  Odiitic,  like  oolitio  limeatone  in  structnie.  («]  Earthy,  or  Etonj,  impure  from 
mixtnie  with  day  or  aand,  oonatituting  a  lerg^  part  of  the  claj  iron-stone  of  the  coal  forma- 
tdcn  and  other  Btratified  depoaite ;  H.  =3  to  T,  Uie  last  from  the  silioa  present ;  a'.=3'0-S'8, 
OTmoMl7  8-lG-3-(». 

^r.,etc. — In  the  doaed  tnbe  decrepitates,  arolvea  carbon  oxide  and  carbon  dioxide, 
blackena  and  becomes  magnetia  B.B.  blackens  and  fuses  at  4*0.  With  the  floxea  reacts  for 
Iron,  and  with  soda  and  nitre  on  platinani  foil  geoerallj  gives  a  manganese  reaction.  Only 
alowlr  acted  upon  byoold  add.  bat  dissolves  with  brisk  effervescence  in  hot  hydioohlorio  imi. 

DiiL — Specific  gravity  higher  than  that  of  oaloite  and  dolomite.     B.B.  beoomes  magnelia 

Obt. — Sldeiite  oconrs  in  many  of  the  rook  strata,  in  gneiss,  mica  slate,  day  state,  and  as 
clay  iion-stone  in  oonnection  with  the  Coal  formation  and  many  other  stradfied  deposita.  It 
b  often  asaodated  with  metallic  ores.  At  Freiberg  it  oconrs  in  silver  mines.  In  Cornwall  it 
Boocmipaiiies  tin.  It  is  also  found  oooompanying  copper  and  iron  pyrites,  galenite,  vitreoni 
oopper,  eta  In  New  York,  aocording  to  Beck,  it  is  idmost  always  assodated  with  specular 
IroD.  InUxeregioninandabont  Stfnaand  Caiinthia  this  ore  forms  extensive  traota  in  gneiss. 
At  Haicgerode  in  the  Han,  it  cocnrs  in  &ne  crystals;  also  in  Oomwall,  Alston- Hoor,  and 
Devonahire  ;  near  Glasgow  ;  also  at  Hoaillar,  Magescote,  etc.,  in  France,  etc. 

In  the  U.  Statea,  in  Varmtmt,  at  Plymouth.  In  Mam.,  at  Sterling,  In  Conn.,  at  Boitntry. 
to.  if.  Tork,  at  the  Steriiog  ore  bed  in  Antwerp.  Jefferson  Co. ;  at  the  Bossie  iron  mines,  St. 
LawrenoB  Co.  In  if.  OaroUna,  at  Fentress  and  Harlem  mines.  The  argillaceous  carbonate, 
htnodulea«ndbedB(cli9iron.stone),  is  iibandant  in  the  coal  regions  of  Fenn. ,  CHiio.  and  many 
parta  of  the  oonntiy, 

KBODOOHSOSITB.    Dialc^tte,    Manganspath,  0»7-m. 
Rhombohedral.      .ffA.S  =  106''   61',   OAfi=136=  31*';   ^  =  0-8311. 
Cleavage :  S,  perfect.      Also  globniar  and  botryoidal,  having  a  columiiaf 
structure, sometimes  indistincL    Also  granular  massive;  occasionally  im 
j>alpable;  iocrusting.  * 
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H.=3*5-4-5.  Q.=3-4-3-7.  Lustre  vitreous,  inclining  to  pearly.  Coloi 
shades  of  rose-red,  yellowish-gray,  fawn-colored,  dark  red,  brown.  Streak 
white.     Translucent — sub  translucent.     Fracture  uneven.     Brittle. 

Ooiiip.—MnC03= Carbon  dioxide  38*8,  manganese  protoxide  61*7;  bat  part  of  the  man- 
ganeee  nsnailj  replaced  by  calcinm,  and  often  also  by  magnesiam  or  iron  ;  aDd  sometimei  tj 
cobalt. 

Pyr.,  etc B.B.  chang*»B  to  gray,  brown,  and  black,  and  decrepitates  strongly,  but  is  in- 
fusible. With  salt  of  phosphorus  and  borax  in  O.F.  gives  an  amethystine-colored  bead  m 
n,F.  becomes  colorless.  With  soda  on  platinum  foil  a  bluish-green  manganate.  DiasolTefl 
with  effervescence  in  warm  hydrochloric  acid.  On  exposure  to  the  air  changes  to  browii,  and 
FK>me  bright  rose-red  varieties  become  paler. 

Obs. — Occurs  commonly  in  veins  along  with  ores  of  silver,  lead,  and  copper,  and  with  otiwr 
ores  of  manganese.  Found  at  Schemuitz  and  Kapnik  in  Hungary  ;  Nagyag  in  TransylTaiua ; 
near  Elbingerode  in  the  Harz ;  at  Freiberg  in  Saxony. 

Occurs  in  New  Jersey,  at  Mine  ^ill,  Franklin  Furnace.  Abundant  at  the  ailyer  mines  d. 
Austin,  Nevada ;  at  Placentia  Bay,  Newfoundland. 

Named  rhodaehrotite  from  ^((8oy,  a  roes,  and  xp^^f  oolar;  and  dialogite^  from  ZmKayi^  doubt 


8BIITH80NITE.    Calamine  pt     Galmei  pt     Zinkspath,  Oerm, 

Rhombohedral.  i?Ai?=107°  40',  <?Ai?  =  137°  8';  <5  =  0-8062.  B 
generally  curved  and  rough.  Cleavage :  li  perfect.  Also  reniform,  botry- 
oidal,  or  stalar^titic,  and  in  crystalline  incrustations;  also  granular,  aiid 
sometimes  impalpable,  occasionally  earthy  and  friable. 

n, =5.  G. = 4-445.  Lustre  vitreous,  inclining  to  pearly.  Streak  white. 
Color  white,  often  grayish,  greenish,  brownish-white,  sometimes  green 
and  brown.  Sub  transparent — translucent.  Fracture  uneven — imperfectly 
conchoidal.     Brittle. 

Comp.,  Var. — ZnC03= Carbon  dioxide  35-2,  zinc  oxide  64-8=100;  but  part  of  the  zinc 
often  replaced  by  iron  or  manganese,  and  by  traces  of  calcium  and  magnesiam ;  aomotimes 
by  cadmium. 

Varitti^. — (1)  Ordinary,  (a)  CrystaUked ;  {b)  botryoidoL  and  stalaetitio,  common;  (e) 
granular  to  (y/mpact  nuMsice;  {d)  earthy,  impure,  in  nodular  and  cavernous  masaeB,  varying 
from  grayish- white  to  dark  gray,  brown,  brownish -red,  brownish-black,  and  often  with  diOi^ 
surfaces  in  the  cavities ;  " dry-bone"  of  American  miners. 

Pyr.,  etc. — In  the  cloned  tube  loses  carbon  dioxide,  and,  if  pure,  is  yellow  while  hot  and 
oolorlefts  on  cooling.  B.B.  infusible;  moistf^ned  with  cobalt  solution  and  heated  in  O.F.  gives 
a  green  color  on  cooling.  With  soda  on  charcoal  gives  zinc  vapors,  and  coats  the  coal  yeJlow 
while  hot,  becoming  white  on  cooUng ;  this  coating,  moistened  with  oobalt  soluUon,  gives  a 
green  color  after  heating  in  O.  F.  Oadmiferous  varieties,  when  treated  with  soda,  give  at 
first  a  deep  yellow  or  brown  coating  before  the  zinc  coating  appears.  With  the  flaxes  some 
varieties  react  for  iron,  copper,  and  manganese.  Soluble  in  hydrochloric  add  with  effervet- 
cence. 

Diflf. — Distinguished  from  calamine  by  its  effervescence  in  acids. 

Obs. — Smithsonite  is  found  both  in  veins  and  beds,  especially  in  company  wiUi  galeuitc 
and  blende  ;  also  with  copper  and  iron  ores.  It  usuaUy  occurs  in  oalcareoas  rooks,  and  is 
generally  associated  with  calamine,  and  sometimes  with  limonite.  It  ia  often  prodoosd  by 
the  action  of  zinc  sulphate  upon  calcium  or  magnesium  carbonate. 

Found  at  Nertscbinsk  in  Siberia  •  at  Dognatzka  in  Hungary ;  Bleiberg  and  Raibel  in  Carin- 
tbia;  Moresnet  in  Belgium.  In  England,  at  Boughten  Gill,  Alston  Moor,  near  IM^tlock,  in 
the  Mendip  Hills,  and  elsewhere ;  in  Scotland,  at  Leadhills:  in  Ireland,  at  Donegal. 

In  the  U.  States,  in  JV^  Jersey,  at  Mine  Hill,  near  the  Franklin  Furnace.  In  P«m.,  at 
Lancaster  abundant ;  at  the  Perkiomen  lead  mine ;  at  the  Ueberroth  mine,  near  Bethlehem. 
In  Wisconsin,  at  Mineral  Point,  Shullsburg,  etc.  In  Minnesota^  at  Ewing^s  diggmga,  N.  W. 
of  Dubuque,  etc.     In  Missouri  and  Arkansas,  along  wi^  the  lead  ores  in  Lower  Sihiriafi 
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Aragonite  Orovp. 

ARAOOHITB.       L^ 

Orthorhombio  IM=  116"  10',  0  A  1-i  =  130"  50' ;  6:l:d- 1-1571 
:  1-6055  ;  1.  (9  A  1  =  126"  15',  OM-i=^  137°  15',  l-T  A  1-i,  top.  =  108' 
26'.  CryetaU  nen ally  having  O  striated  parallel  to  the  shorter  dia^nal; 
often  tapering  from  the  preeence  of  acute  domes  and  pyramids,  wliicli  have 
TinTisiial  indices.  Cleavage:  /  imperfect;  i-l  distinct;  If  imperfect. 
Twins:  t winning-plane  7,  prodncing  often  hexagonal  forma,  f.  738, compare 
fignres  on  pp.  96,  97.  Twinning  often  many  times  repeated  in  the  same 
crystal,  proJucinganccesaive  reversed  layers,  the  alternate  of  which  may  be 
exceedingly  thin;  often  eo  delicate  as  to  produce  by  the  succession  a  fine 
etriation  of  the  faces  of  a  prism  or  of  a  cleavage  plane.  Also  globular, 
reniform,  and  eoralloidal  anapes;  eometimea  columnar,  composed  or 
straight  and  divergent  fibres ;  also  stalactitic ;  incrusting. 
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H.=3'5-4.  G.=2'931,  Haidinger,  Lnstre  vitreons,  sometimes  inclin- 
ing to  resinous  on  surfaces  of  fracture.  Color  white ;  also  gray,  yellow, 
greeo,  and  violet ;  streak  uncolored.  Transparent — translucent.  Fracture 
eubcoQchoidal.     Brittle. 

Tar. — 1.  Or^nar^.  [a)  CrTitoUiied  tn  tdmple  or  oomponnd  cttiUIs,  the  latter  mach  tha 
most  ODnimaii  \  often  In  radiating  (fronpfl  of  aoicolu  ciyBtaU.  (b)  Colamnor ;  a  One  flbrona 
TUi«t7  with  dUcy  lustre  u  oalled  Satin  tpar.  (e)  Haasiie.  Slai/uitUie  oi  ttaiagmitia  (eithei 
Bompaot  or  abioiu  im  Htruotore),  m  with  caldte ;  Shmiiltiilein  ia  atolactitia  from  Garlsbad. 
(hraUoidal ;  in  gnrapinga  of  delioale  Interlaoing  and  ooaleaoiDg'  itemt,  of  a  gnow-irhito  color, 
■till  iookiag  a  Utile  like  ooral. 

Oomp.— OaCOi,  like  o«Ioite,=OBit)on  dioxide  U,  lime  R6=100. 

Pyr.,  eto. — B.  B.  whitoos  and  falla  to  pieoce,  and  oometimeH,  when  containinff  atrontJa,  im- 
parts a  moie  intenaelj  red  color  to  tha  flame  Uiaa  lime ;  otherwise  Macte  like  caloite. 

ZMO^See  caloite,  p.  379. 

Oba. — The  moat  oommon  npoHitories  of  aragtmite  are  beda  at  gypmrn,  beds  of  iron  on 
(wheie  it  occnn  in  ooralloidal  forma,  and  ia  denominated  fiot-ferri,  "prater  of  imn,"  Eisen- 
blathe,  Oerm.),  basalt,  and  tXHproak;  oooaoioiuJly  it  oocoiain  lavas.  It  is  often  nasociated 
i>-ith  oopper  and  PTiite,  galenite,  and  malachite. 

Pint  diaoovered  in  Araflvn,  Spain  (whence  ila  name),  at  Molina  and  Talencia,  Binoe 
fnnnd  at  Bilinin  Bohemia;  at  Herrengruid  in  Hnngaiy,  1.  T38;  at  Banmgarten  inSiletlft; 
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at  Leogang  in  Salzburg ;  in  Waltsoh,  Bohemia,  and  many  other  places.    The  fotfeni 
is  found  in  great  pe^ection  in  the  Styrian  mines.    In  Bno]dnghamiihire» 
oavems ;  at  Leadhills  in  Lanarkshire. 

Occurs  in  serpentine  at  Hoboken,  N.  J.;  at  Edenyille,  N.  Y.;  at  the  Pariah  ore  bed,  PoMJa^ 
N.  Y.;  at  Haddam,  Conn.;  at  New  Garden,  in  Cheater  Co^VexaL,\  at  Wood's  Mina,  TiSitmi 
ter  Co.,  Penn,;  at  Warsaw,  111.,  lining  geodea    Wjua  Vi^Ti^v*-^      yA^^**^ 

Manoanocalcitb.— Composition  2MnCOa4-(Ca,Mg)C0a,  withsUttle iron  xeplaoiiv  pvl 
of  the  manganese.     G.  =3*037.     Color  flesh-red  to  reddish-white.     Sohemnits,  Hmigaiy. 
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WITHIIRITZS. 

Orthorhombic    I^ /=  118°  30',  O A  1-i  =  128°  ^6'\  i:li&  =  l-24« : 

1'6808  :  1.  Twins :  all  the  annexed  figares,  com- 
position parallel  to  /;  reentering  angles  some- 
times observed.  Cleavage :  /  distinct ;  also  in 
globular,  tuberose,  and  botryoidal  forms;  stmo- 
ture  either  columnar  or  granular ;  also  amor- 
phous. 

H.=3-3-75.  G.=4-29-4-35.  Lustre  vitreous, 
inclining  to  resinous,  on  surfaces  of  fracture. 
Color  white,  often  yellowish,  or  gi^ayish.  Streak 
white.  Sub  transparent — translucent  Fracture 
uneven.     Brittle. 

Oomp.— BaCOa=rCarbon  dioxide  22*8,  baryta  77'7=10a 
Pyr.,  etc. — B.B.  fuses  at  2  to  a  bead,  coloring  the  flame  yel- 
lowish-green; after  fusion  reacts  alkaline.  B.B.  onchazooal 
with  soda  fuses  easily,  and  is  absorbed  by  the  coal.  Soluble 
in  dilute  hydrochloric  acid;  this  solution,  even  when  very  much  diluted,  gives  with  snlphurio 
acid  a  white  precipitate  which  is  insoluble  in  acida 

Di£f. — DiBtinguishing  characters :  high  specific  gravity  ;  effervescence  with  acids ;  grtth 
ooloration  of  the  flame  B.  B. 

Obs. — Occurs  at  Alston-Moor  in  Cumberland ;  at  Fallowfield,  near  Hexham  in  Northumber- 
land ;  Taroovvitz  in  Silesia  ;  Lcogaug  in  Salzburg  ;  Peggau  in  Styria :  some  places  in  SicQy ; 
the  mine  of  Arqueros,  near  Coquimbo,  Chili ;  near  Lexington,  Ky.,  with  barite. 

W^itherite  is  extensively  mined  at  Fallowfield,  and  is  used  in  chemical  works  in  the  mann- 
facture  of  plate-gloss,  and  in  France  in  making  beet- sugar. 
BaoMLiTE. — Formula  as  for  barytooalcite,  but  orthorhombio  in  form. 


/' 


STRONTIANITB. 


Orthorhombic.     /A  /=  117°  19',  6>  A  1-i  =  130°  5' ;  cilid  —  1-1883  : 

1-6421  :  1.     <?  A 1  =  125°  43',  (9  A  1-i  =  144°  6', 
1  A  1,  mac,  =  130°   1',  1  A  1,  brach.,  =  92**  11'. 
Cleavage :  1  nearly  perfect,  i-i  in  Xwav&a.    Crys- 
tals  often   aciciilar  and   in   divergent   groaps. 
Twins:  like  those  of  aragonite.     (y  usually  stri- 
ated parallel  to  the  shorter  diagonal.     Also  in 
columnar  globular  forms ;  fibrous  and  granular. 
H.= 3-5-4.     G.=3-605-3-713.     Lustre  vitre- 
ous; inclining  to  resinous  on  uneven  faces  of 
ture.    Color  pale  asparagus-green,  apple-green  ;  also  white,  gray,  yel- 
and    yellowish-brown.      Streak    wliite.      Transparent — tranaluoent 
uneven.    Brittle. 


OXTOBIt  COKFODNDB.— CASBOHATBS. 

Comp.—SiCOi==  Carbon  diuxide  297,  strontia  70-3;  but  a  small  port  □(  th( 
aften  replaced  by  calcium.  ^ 

Pyr^  olo.— B.B.  swella  up,  throws  out  minute  gpronta,  fases  only  on  the  thin  edgee,  and   ^ 
ocdon  Uie  Qame  BtroDtiared;  t^easaayreauU  alkaline  after  ignition.     Muistened  witb  hydro- .^  %)j 
^oric  acid  and  treated  eitbcr  B.B.  or  in  the  naked  lamp  gives  un  intense  red  color.     With  ^  /^ 
•oda  OD  charcoal  the  pure  mineral  fuses  ta  a  clear  glass,  and  is  entire);  absorbed  by  the  ooal ;       y 
it  lima  or  iron  be  present  they  are  separated  and  remain  on  the  surface  of  the  coal.     Solnbla         ^^ 
in  hydrochloric  add ;  the  dilute  solntioo  when  treated  with  sulphuric  acid  gives  a  white  pre'  ^ 

cdpitate. 

DiS. — DiffeiB  from  related  minerals,  not  carbonates,  in  eSerreecing  with  acids ;  lower 
•pecific  gravity  than  witherite,  and  colora  the  flame  red. 

Oba.— Occurs  at  Strontian  in  Argyleehire ;  in  Yorkshire,  Elngland  ;  Giant's  Cnuaeway,  Ire- 
land;  ClaoHthal  in  the  Harz;  Brdnnsdorf,  Saxony ;  Leogang  in  Salzburg.  In  the  U.  Stataa 
It  oooatB  at  Scbobarie,  If.  Y.,  in  granular  and  colunuiar  masses,  and  also  in  crystals.  At 
Hnaoalonge  I^ake;  at  Chaumont  B^  and  Theresa,  in  Jefferson  Co.,  N.Y.  ;  Mifflin  Co.,  Fenn. 


1/ 


OBRUBSITB.    Weissbleiere,  Bleispath,  Oerm, 
=  130°  H' ;  C 


:  d  =  1-1853 


Orthorhombic.     /a  /=  117°  13',  OAl-l  = 
:  1-638S  :  1.      O  A  1  =  125° 
46',    (?  A 1-1  =  144°   S',  lAl,  " 

mac.,  =  130°,  1  A  1,  brach.,  = 
92"  19'.  Cleavage:  /often 
imperfect ;  2-1  hardly  less  bo. 
CrvBtals  usually  thin,  broad, 
and  brittle  j  sometimes  stout. 
Twins  :  "very  common  ;  twin- 
iiing-piane  /,  producing  usu- 
ally cruciform  or  stellate 
forms;  also  .less  commonly, 
twinning-plane  i-i.  Rarely 
fibrous,  often  granular  mas- 
sive and  compact.     Sometimes  Btalactitic. 

H.=3-35.  G,=6'46o~6'480 ;  some  earthy  varieties  as  low  as  S'i 
Lustre  adamantine,  inclining  to  vitreona  or  resinous;  sometimes  pearly; 
sometimes  submotallic,  if  the  colors  are  dark,  or  from  a  superficial  change. 
Color  white,  giay,  grayish -black,  sometimes  tinged  blue  or  greun  by  some 
of  the  salts  of  copper;  streak  niicolored.  Transpai'ent — ^subtransluceut. 
Fracture  conchoidal.     Veiy  brittle. 

Oamp^-FbCOi  =  Carbon  dioxide  laS,  lead  oxide  83'5;^100; 

Pyr.,  ato.—  In  the  closed  tube  decrepitates,  loses  carbon  dioxide,  turns  first  yellow,  and  at 
a  higher  temperature  dork  red,  but  becomes  yellow  again  on  cooling.  B.B.  on  charcoal  fnsM 
very  easily,  and  in  R.  F.  yields  metallio  lead.     Solable  in  dilute  nitric  acid  wiih  etforvesoeuce. 

DiS. — Unlike  anglenite.  it  eflerresces  with  nitric  acid.  Characterized  by  high  specifio 
gnvity,  and  yielding  lead  B.B. 

Ob^.— Occurs  in  cnnaection  with  other  lead  minerals,  and  is  formed  from  gnlenite,  whloh, 
•a  it  passes  to  a  sulphate,  may  be  changed  to  oarbonate  by  means  of  solutionii  nf  ctUdum 
bicarbonate.  It  is  foond  at  Jobanngeorgenstadt ;  at  Nertachinsk  and  Bereuif  in  Siberia ;  at 
Claosthal  in  the  HarK  ;  at  Bleiber^  in  Carinthia  ;  at  Hies  and  Pnihratn  in  Bolieiiiiii ;  at  Betl- 
banfa,  Hungary;  in  England,  in  Cornwall;  near  Matlock  and  Wirksworth.  Dert>ysbice;  at 
Leidhills.  SooUaud  ;  in  Wiclclow,  Ireland. 

Ponnd  in  I'erut. ,  at  Phenixville  ;  at  Ferkiomen.     In  If.  Tark,  at  the  Rossie  lead  mine.    In 

Virginia,  at  Anstin's  mines,  Wythe  Co.     In  If.  Caroliaa,  at  Kill's  mine.  Davidson  Co. ,  good. 

In  Wiioonain  and  other  lead  mines  of  tho  northweatern  State*,  laralf  in  ciystals ;  near  tha 

Blue  HowkU,  Wiso.,  j 
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BARTTOOAI.OITB. 


Monoclinic.  C^=  73°  52',  /A  /=  106°  54',  O  A 14  =  149" ;  6:l:d^ 
0'81035  : 1-29588  : 1.    Cleavage :  /,  perfect ;  <?,  less  perfect ;  also  massive. 

H.=4.  G.=3*6363-3*66.  Lustre  vitreons,  iiicliuing  to  resinous.  Color 
white,  grayish,  greenish,  or  yellowish.  Streak  white.  Transparent- 
translucent.     Fracture  uneven. 

Oomp. — (Ba,Ca)COa,  where  Ba  :  Ca=l  :  l=Bariain  carbonate  66*3,  calciam  carbonate 

88-7=100. 

Pyr.,  etc. — B.B.  colors  the  flame  yeUo  wish -green,  and  at  a  higher  temperatare  fuses  on 
the  thin  edges  and  assumes  a  pale  green  color ;  the  assay  reacts  alkaline  after  ignition.  With 
the  fluxes  reacts  for  manganese.  With  soda  on  charcoal  the  lime  is  separated  as  an  infnff^f 
mass,  while  the  remainder  is  absorbed  by  the  coal.     Soluble  in  dilute  hydrochloric  acid. 

Obs. — Occurs  at  Alston-Moor  in  Cumberland^  in  the  Subcarboniferous  or  mountain  lime- 
stone. 

Pauisitr. — A  carbonate  containing  cerium  (also  La,Di),  and  calcium  with  6  p.  o.  flaozina. 
Exact  composition  imcertaiu.  In  hexagonal  crystals.  Color  brownish-yeUow.  Mnso  Talley, 
New  Granada.  Kisciitimite,  from  the  gold  washing  of  the  Barsovska  riyer,  Urala,  iaaimilar 
in  composition,  but  contains  no  calcium. 

Bastnasfte  (Hamartite). — Composition  2RC0a-|-RF3,  with  R=Ce  :  La =2  :  8.  AiuJjsii, 
KordcnskioM,  00, 1950,  LaO  4577,  CeO  28*49,  H,0  1  01,  F,0,  (5*23)=100.  Foimd  in  amaU 
masses  imbedded  between  allanite  crystals.     Riddarhyttan,  Sweden. 

PHOBGZINITB.    Bleihomerz,  Qerm. 

Tetragonal.  OAl.i=:132°  37';  o  =  1-0871.  Cleavage:  /  and  w 
bright ;  also  basal. 

il.=2*75-3.  G.=6-6'31.  Lustre  adamantine.  Color  white,  ffray,  and 
yellow.     Streak  white.     Transparent — transhicent.     Katlicr  sectile. 

Oomp. — PbC03+PbCl3=Lead  carbonate  49,  lead  chloride  51=100,  or  lead  oxide  81 -9,  car- 
bon dioxide  81,  chlorine  1.3-0=102-9. 

Pyr.,  etc. — B.B.  melts  readily  to  a  yellow  globule,  which  on  cooling  becomes  white  and 
cryHtolline.  On  charcoal  in  R.F.  gives  metallic  lead,  with  a  white  coating  of  lead  chloride. 
With  a  salt  of  phosphorus  bead  previously  saturated  with  copper  oxide  gives  the  ohlorine 
reaction.     Dissolves  with  effervescence  in  nitric  acid. 

Obs. — At  Crawford  near  Matlock  in  Derbyshire  ;  very  rare  in  Cornwall ;  in  large  ozyBtsli 
at  Gibbas  and  Monteponi  in  Sardinia  ;  near  Bobrek  in  Upper  Silesia. 


Hydrous  Carbonates. 

TRONA. 

Monoclinic.  OAi-i  =  103°  15'.  Cleavage:  i-i  perfect.  Often  fibroaa 
or  columnar  massive. 

U. =2-5-3.  G.=:211.  Lustre  vitreous,  glistening.  Color  gray  or  yel- 
lowish-white. Translucent.  Taste  alkaline.  Not  altered  by  exposure  to 
a  dry  atmosphere. 

Oomp Xa4Ca08+3aq=:Carbon  dioxide  402,  soda  37-8,  water  220. 

Pyr.,  etc. — In  the  closed  tube  yields  water  and  carbon  dioxide.  B.B.  imparts  an  intensely 
yellow  color  to  the  flame.  Soluble  in  water,  and  effervesces  with  acids.  Reacts  aUudins 
with  moistened  test  paper. 

-The  specimen  analysed  by  Elaproth  came  from  the  province  of  Snckenna.  two  days' 
Fezsen,  Africa.     To  this  species  belongs  the  urao  found  at  the  bottom  of  a  laki 
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in  Maracaibo,  S.  A. ,  a  day's  jonmej  from  Merid&     Effloresoenoes  of  trona  ooonr  near  the 
Sweetwater  river,  Bocky  HountainB,  mixed  with  eodium  sulphate  and  jommon  salt. 

Natron  or  Soda  (sodium  carbonate,  Ka^COs+lOaq).     Thermonatbitb,  NasCOs+aqs 
TBSCHBMACHRaiTE,  Ammonium  carbonate. 


747 


748 


Maracaibo. 


Nevada. 


OAT-LUSSTTB. 

Monoclinic.  C  =  78^  27',  /A  7=  68°  60'  and  lir  10',  (9  A 14  =  125^ 
16' ;  h\h\d^  0-96945  :  0-67137  :  1. 
14  A 14,  adj.,  =  109°  30',  i  A  i  =  110° 
80'.  Crystals  often  lengthened,  and 
prismatic  in  the  direction  of  14;  also  in 
that  of  \ ;  also  (f  r.  Nevada^  not  elongate, 
but  thin  in  the  direction  or  the  orthodia- 
gonal,  O  being;  very  narrow  or  wanting ; 
surfaces  usually  uneven,  being  formed 
of  minute  subordinate  planes.  Cleav- 
age :  /  perfect ;  O  less  so,  but  giving  a 
reflected  image  in  a  strong  light, 

IL=2-3.  G.=l*92-1*99.  Lustre  vitreous.  Color  white,  yellowish- 
white.  Streak  imcolored  to  grayish.  Translucent.  Fracture  conchoidal. 
Extremely  brittle.    Not  phosphorescent  by  friction  or  heat. 

Oomp.—NaaC0s  +  GaC0a+5aq= Sodium  carbonate  85*9,  calcium  carbonate  83*8,  water 
80-3= 100. 

P3frM  etc. — Heated  in  a  matrass  the  crystals  decrepitate  and  become  opaque.  B.B.  fuses 
easily  to  a  white  enamel,  and  colors  the  flame  intensely  yellow.  With  the  fluxes  it  behaves 
like  calcium  carbonate.  Dissolves  in  acids  with  a  brisk  effervescence ;  partly  soluble  in  water, 
and  reddens  turmeric. 

Obs. — Abundant  at  Lagunilla,  near  Merida,  in  Haracaibo,  where  its  crystals  are  dissemi- 
nated at  the  bottom  of  a  small  lake,  in  a  bed  of  day,  covering  urao  ;  the  natives  call  it  datot 
or  naUa^  in  allusion  to  its  crystalline  form.  Also  on  a  small  island  in  Little  Salt  Lake,  near 
Bagtown,  Nevada,  about  li  m.  S.  of  the  main  emigrant  road  to  Humboldt.  The  lake  is  in  a 
crater-shaped  basin,  and  its  waters  are  dense  and  strongly  saline. 

The  distorted  crystals  from  Saug^rhausen  have  been  long  considered  pseudomorphs  after 
gajr-lussite,  though  DesCloizeaux  regards  them  as  pseudomorphs  after  celestite.  It  is  cer- 
taki,  however,  as  found  by  the  author,  that  pseudomorphs  of  calcium  carbonate  after  gaj- 
Inssite  do  occur  on  a  largo  scale  in  Nevada. 


HTDROMAGNSSITZL 

Monoclinic.      C  =  82^-83^  IM=Sr  62'-88°,  O A 24  =  137°  \   fiih 
:  d  =  (nearly)  0466  :  1*0973  :  1.     Crystals  small,  usually 
acicular  or  bladed,  and  tufted.     Also  amorphous ;   as 
chalky  or  mealy  crusts. 

H.  of  crystals  3-6.  G.=2146-2-18,  Smith  &  Bi-nsh. 
Lustre  vitreous  to  silky  or  subpearly ;  also  earthy.  Color 
and  streak  white.     Brittle. 

OoBq>.—81!i^Os+HsMgOa+8aq=Carbon  dioxide  86*8,  magnesia 
48-9,  water  19-6=100. 

Pyr-,  etc. — In  the  closed  tube  gives  off  water  and  carbon  dioxide. 
B.&  infusible,  but  whitens,  and  the  assay  reacts  alkaline  to  turmeric 
paper.  Soluble  in  acids ;  the  crystalline  compact  varieties  are  but 
uowly  acted  upon  by  cold  acid,  but  dissolves  with  effervescence  in  hot 
add. 


38$.  DBSORIPnVB  MINERALOGT. 

Obft  — Oocora  at  Hrubsohitx,  in  Morayia,  in  serpentine ;  in  Negroponte,  near  Kami ;  aft 
KAii^'rstuhl,  iu  Baden,  impure.  In  the  U.  States,  near  Texas,  Lancaster  Co.,  Penn. ;  aft 
Uolx\keu,  X.  J. 

nYi>KOiH>LOMiTE. — Composition  8(Ca,Mg)C0s  +  aq.  From  Mt  Somma.  PlUililTB  from 
Toxaa,  Pa. ,  is  similar. 

PuKPAZZiTE  and  Pencatite  are  mixtures  of  calcite  and  brucite.     Tyrol. 

I)A\vst»NiTE. — In  thin-bladed,  white,  transparent  crystals  on  trachyte.  H-=3.  O.  =2*40t 
Anrtl^VHiH,  Harrington,  AlO,  32  84,  MgO  tr.,  CaO  5i)5,  Na,0  2020,  K.O  0  88,  H,0  11-91,  CO, 
;^  SS,  SiO;  0'40=101'56.  Regarded  as  *' a  hydrous  carbonate  of  aluminum,  calcium,  and 
•oiUum ;  or  perhaps  as  a  hydrate  of  aluminum  with  carbonates  of  calcium  and  aodiiim.** 
HontreaU  Canada. 

lUtviTK. — Supposed  to  be  a  hydrous  carbonate  of  aluminum  and  calcium.  Soft,  white, 
and  friable ;  earthy  in  fracture.     From  Hove,  near  Brighton,  with  coUyrite. 


LANTHANITX2. 

Orthorhombic.  7a7=  93°  30'-94°,  Blake,  92°  46',  v.  Lang:  /Al  - 
142°  36' ;  c\h\(i^  099898  :  10496  :  1,  v.  Lang.  In  thin  four^ded 
plates  or  minute  tables,  with  bevelled  edges.  Cleavage  micaceous.  Also 
fine  granular  or  earthy. 

II.  =  2-5— 3.  G.= 2-666.  Lustre  pearly  or  dull.  Color  grayish-white, 
delicate  pink,  or  yellowish. 

Oomp — LaC0s+3aq=Lanthana  52*6,  carbon  dioxide  21*3,  water  26*1=100.     There  ii 

some  oxide  of  didymium  with  the  lanthana,  according  to  Smith. 

Pyr.,  etc. — In  the  closed  tube  yields  water.  B.B.  infusible  ;  but  whitens  and  beoomet 
opaque,  silvery,  and  brownish  ;  with  borax,  a  glass,  slightly  bluish,  reddish,  or  amethystine, 
on  cooling ;  with  salt  of  phosphorus  a  glass,  bluish  amethystine  while  hot,  red  cold,  the 
bead  becoming  opaque  when  but  slightly  heated,  and  retaining  a  pink  color.  Effenresoes  io 
the  acids. 

Obs. — Found  coating  cerite  at  Bastna^,  Sweden ;  also  with  the  zinc  ores  of  the  Sauooa 
valley,  Lehigh  Co.,  Pa, ;  at  the  Sandford  iron-ore  bed,  Moriah,  Essex  Co.,  N.  Y. 

Tengeuite. — Yttrium  carbonate.     As  a  coating  on  gadolinite  from  Ytterby. 

Zauatite.  Emerald  Nickel,  JSiUimaii.  Nickelsmaragd,  Germ. — Composition  NiiCOi+ 
6aq,  or  NiCOa  +  SH^NiOj-f 4aq.  This  requires;  Carbon  dioxide  118,  nickel  oxide  59*8, 
water  28  0  =  100.  Usually  as  an  emerald-green  coating;  thus  on  chromite  at  Texaa,  Pena., 
where  it  was  first  noticed  ;  Swinaness,  Shetland ;  Cape  Hortcgal,  Spain. 

Reminotonite.— A  hydrous  cobalt  carbonate.     Finksburg,  Md. 


HYDROZINOrri!.    Zinkbmthe,  Oerm, 

M«^ssive,  earthy  or  compact.  As  incrustations,  the  crnsts  sometimes  con- 
centric and  agate-like.     At  times  reniform,  pisolitic,  stalactitic. 

II.  =  2-2-5.  G.=3*58-3*8.  Lustre  dull.  Color  pure  white,  grayish  or 
yellowish.     Streak  shining.     Usually  earthy  or  chalk-like. 

Oomp.— In  part  ZnCOa+2HaZn02  =  Carbon  dioxide  13  6,  zinc  oxide  75-3,  water  11  "1=100. 

Fyr.,  etc. — In  the  closed  tube  yields  water  ;  in  other  respects  resembles  smithsonite. 

Obs. — Occurs  at  most  mines  of  zinc,  and  is  a  result  of  the  alteration  of  the  other  oresol 
this  raetal.  Found  in  great  quantities  at  the  Dolores  mine,  Udias  valley,  province  of  Aantan* 
der,  in  Spain  ;  at  Bleiborg  and  Raibel  in  Carinthia ;  near  Reimsbeck,  in  Westphalia 

In  the  U.  States,  at  Friedensville,  Pa.;  at  Linden,  in  Wisconsin;  in  Marion  Co.^  Arkanm 

^■H||^}Halcitf:. — A  cupreous    hydrozincite.      Usually  in  drui^r  InoruatationB.      Altai; 
^^^^HfeUDerbyshire  ;  Spain  ;  Lancaster,  Pa. 
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MALAOHITB. 

Monoclinic.  C^  88^  32',  /A  /=  104°  28',  U  A  -1-i  =  118°  15',  Zepharo 
vich ;  c  :  J  :  a  =  0-51155  :  1*2903  :  1.  Common  form 
f.  751 ;  also  same  with  other  terminal  planes;  also  with 
iri  wanting ;  also  with  i-i,  iA  very  large,  making  a  rect- 
angular prism ;  also  with  the  vertical  prism  very  short, 
as  m  f.  321.  Crystals  rarely  simple.  Ivvins  :  twinning- 
plane  i-i,  f .  750 ;  often  penetration  twins,  as  in  f .  321, 
322,  p.  99.  Cleavage  :  basal,  highly  perfect ;  clino- 
dia^onal  less  distinct.  Usiially  massive  or  incrusting, 
with  surface  tuber^)se,  botrvoidal,  or  stalactitic,  and  struc- 
ture divergent ;  often  delicately  compact  libi-ous,  and 
banded  in  color ;  frequently  granular  or  earthy. 

B. =3*5-4.    G.=3*7-4*01.    Lustre  of  crystals  adaman- 
tine, inclining  to  vitreous ;  of  fibrous  varieties  more  or 
less  silky ;  often  dull  and  eartiiy.    Color  bright  green.    Streak  paler  green. 
Ti-anslucent — subtranslucent — opaque.     Fracture  subconchoidal,  uneven. 


11 


Oompw— CnjC044-HjO=CuCO,  +  HaCtiOj=Carbon  dioxide  19*9,  copper  oxide  71-9,  water 
8-2=100. 

Pyr.,  etc. — In  the  closed  tabe  blackens  and  yields  water.  B.B.  fuses  at  2,  coloring  the 
flame  emerald-green;  on  cbai'coal  is  reduced  to  metallic  copper  ;  with  the  fluxes  reacts  like 
tenorite.     Soluble  in  acids  with  effervescence. 

DifL — Differs  from  other  copper  ores  of  a  green  color  in  its  efferyescence  with  acids. 

Obs. — Green  malachite  accompanies  other  ores  of  copper.  Perfect  crystals  are  quite  rare. 
OoonxB  abundantly  in  the  Urals ;  at  Ghessy  in  France ;  at  Schwatz  in  the  Tyrol ;  in  Cornwall 
and  in  Cumberland,  England ;  Sandlodge  copper  mine,  Scotland  ;  Limerick,  Waterford,  and 
elsewhere,  Ireland ;  at  Grimberg,  near  Siegen  in  Germany.  At  the  copper  mines  of  Nischne- 
Tagilsk,  belonging  to  M.  Demidoff,  a  bed  of  malachite  was  opened  which  yielded  many  tons 
of  malachite.  Also  in  handsome  masses  at  Bembe,  on  the  west  coast  of  Africa ;  with  the 
copper  ores  of  Cuba ;  Chili ;  Australia. 

lu  N,  Jeney^  at  New  Brunswick.  In  Pennsylvania,  near  Morgantown,  Berks  County  ;  at 
Cornwall,  Lebanon  Co. ;  at  the  Perkiomen  and  Phenixyilie  lead  mines.  In  Wiaconain,  at  the 
copper  mines  of  Mineral  Point,  and  els  where.  In  Calif ornia^  at  Hughes's  mine  in  Calaveras 
Co. 

Green  malachite  admits  of  a  high  polish,  and  when  in  large  masses  is  cut  into  tables,  snuff- 
boxes, vases,  etc.     Named  from  naka-xr]^  maUowa^  in  allusion  to  the  green  color. 

CUPBOCA-LCITB. — Massive.  H.  =3.  G.=3'90.  Color  vermilion-red.  Analysis,  Baymondi, 
Ou,0  60-45,  CaO  2016,  CO,  24-00,  H^O  3-20,  FeO,  0*60,  AlO,  020,  MgO  0-97,  SiO,  0-30= 
99*86.    Occurs  with  a  ferruginous  calcite  at  the  copper  mines  of  Cauza  in  Peru. 


AZURTTE.    Kupferlasur,  Qerm, 

Monoclinic.  (7=87°  39';  /a7=99"32',  (?A  U  =  138°  41';  c:h:d 
=  1-039  :  I'lSl  :  1.  O  usually  striated  parallel  with  the  clinodiagonal. 
Cleavage:  2-i  rather  perfect;  i-i  less  distinct;  /  in  traces.  Also  massive, 
and  presenting  imitative  shapes,  liaving  a  columnar  composition  ;  also  dull 
and  earthy. 

H.=3'5-4'25.  G.=3'5-3'831.  Lustre  vitreous,  almost  adamantine. 
Color  various  shades  of  azure-blue,  passing  into  Berlin-blue.  Streak  blue, 
lighter  than  the  color.  Transparent — subtmnslucent.  Fracture  conchoidal. 
Brittle. 
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Oomp. — Ca,CaOT+HaO=20TiCO3+H3CaOa=Carbon  dioxide  25*6,   copper  oxide  (tt-3, 

water  5  2=100. 

Pyr.,  etc. — Same  as  in  malachite. 

Obs. — Occurs  at  Chessy,  near  Lyons,  whence  its  name  Ches9y  Copper,  Also  in  Sibeiia ;  il 
Moldawa  in  the  Bannat ;  at  Wheal  Boiler,  near  Redruth  in  Cornwall  *  also  in  DeTonshire  and 
Derbyshire. 

In  Penn. ,  at  the  Perkiomen  lead  mine ;  at  Phenixville,  in  ciystals ;  at  Cornwall.  In  Wii 
eoimriy  near  Mineral  Point     In  California,  Calaveras  Co. ,  at  Hughes  s  mine. 

According  to  Schrauf,  who  has  given  a  crystallographio  monograph  of  the  species,  the  f one 
is  closely  related  to  that  of  epidote  (Ber.  Ak.  Wien,  July  3,  1871). 


BISMUTITU.    Wismuthspath,  Oerm. 

In  implanted  acicular  crystallizations  (psendomorphous)  ;  also  incmstiDg 
or  amorphous ;  pulverulent. 

H. =4-4*5.  (jr.=6'86-6*909.  Lustre  vitreous,  when  pure;  Bometiines 
dull.  Color  white,  mountain-green,  and  dirty  siskin-green  ;  occasionallj 
straw-yellow  and  yellowish-gray.  Streak  greenish-gray  to  colorless.  Sub- 
transl  ucent — opaque.     Brittle. 

Oomp.— 2Bi6C»0i8f9H30,  Eamm.  (S.  Carolina) = Carbon  dioxide  6*38,  bismnth  ozids 
89-75,  water  3 -87=  100. 

Pjrr.,  etc. — In  the  closed  tube  decrepitates  and  gives  off  water.  B.B.  fuses  readilj,  and  on 
charcoal  is  reduced  to  bismuth,  and  coats  the  coal  with  yellow  bismuth  oxide.  DiMolves  in 
nitric  acid,  with  slight  effervescence.  Dissolves  in  hydrochloric  acid,  affording  a  deep  yellow 
solution. 

Obs. — Bismutite  occurs  at  Schneeberg  and  Johanngeoigenstadt ;  at  Joachimsthai ;  near 
Baden ;  also  in  the  gold  district  of  Chesterfield,  S.  C. ;  in  Gaston  Co.,  N.  C,  in  yellowish* 
white  concretions. 

LiEBiGiTE;  VoGLiTR  (TJrankalk,  Germ.). — Carbonates  of  uranium  and  calcium,  from  the 
decomposition  of  uraninite.  Exact  composition  doubtful  SciirOckeringite  is  an  oxyoar- 
bonate  of  uranium  (Schrauf).  Orthorhombic.  Occurs  in  six-sided  tabular  czystals.  Joachims- 
thai 


WnEWELLiTE. — An  oxalate  of  calcium.    In  minute  monoclinic  crystals  on  caldte. 

HuMBOLDTiTE. — A  hydrous Oxalate  of  iroD,  2FeC904 +  3aq.  Compact;  earthy.  In  browD- 
coal  of  Koloseruk,  near  Bilin;  also  in  black  shales  at  Kettle  Point;  in  Bosanquet,  Canada. 

Mellite  (Honigstein,  Oerm\ — Tetragonal.  In  octahedrons  ;  also  massive,  honey -yellow, 
reddish,  or  brownish,  rarely  white.  :2VlaCiaOi9H-18aq=Alumina  14  30,  mellitic  acid  40*30, 
water  45*34=100.  Axtem,  Thuringia;  Luschitz,  Bohemia;  Walchow,  Moravia;  NertschinBk, 
eta 
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VI.  HYDROCARBON  COMPOUNDS. 


The  Hvdrogen-Carbon  Compounds  include  (1)  the  simple  hydrooarbons  ; 
and  (2)  tne  oxygenated  hydrocarbons. 

1.  The  SIMPLE  HYDRa  CARBONS  embrace  : 

{a)  The  Marsh  Gas  series.  Genei'al  formula  0^11^^^  Here  belong  the 
liquid  naphthas,  the  more  volatile  parts  of  petroleum ;  also  the  butter-like 
BOlids  scheererite  and  chrismatite. 

Pbtrolbum. — Mineral  oil.  Kerosene.  Bei^l,  Steinol,  Erdol,  Oerm.  Petroleam  is  a  thick  to 
thin  fluid.  Color  yellow  or  brown,  or  colorless ;  translucent  to  transparent.  The  specific  g^vity 
▼ariee  from  0*7  to  0*9.  Chemically  it  consists  essentially  of  carbon  and  hydrogen  ;  contain- 
ing several  members  of  the  naphtha  gnx>ap,  as  also  the  oils  of  the  ethylene  series,  and  the 
paraffins.  The  proportion  of  the  latter  constituents  increases  with  the  increase  of  the  density 
or  viscidity  of  the  fluid.     It  grades  insensibly  into  pittasphalt,  and  that  into  solid  bitumen. 

Occurs  in  rocks  or  deposits  of  nearly  aU  geological  ages,  from  the  Lower  Silurian  to  the 
present  epoch.  It  is  associated  most  abundantly  with  argillaceous  shales  and  sandstones,  but 
is  found  also  permeating  limestones,  giving  them  a  bituminous  odor,  and  rendering  them 
sometimes  a  considerable  source  of  oil.  From  these  oliferous  shales  and  limestones  the  oil 
often  exudes,  and  appears  floating  on  the  streams  or  lakes  of  the  region,  or  rises  in  oil  springy. 
It  also  exists  collected  in  subterranean  cavities  in  certain  rocks,  whence  it  issues  in  jets  or 
fountains  whenever  an  outlet  is  made  by  boring.  These  cavities  are  situated  mostly  along 
the  course  of  gentle  anticlinals  in  the  rocks  of  the  region ;  and  it  is  therefore  probable,  as  has 
been  suggested,  that  they  originated  for  the  most  part  in  the  displacements  of  the  strata  caused 
by  the  slight  uplift  The  olI  which  fills  the  cavities  has  ordinarily  been  derived  from  the 
subjacent  rocks ;  for  the  strata,  m  which  the  cavities  exist,  are  frequently  barren  sandstones. 

Obtained  in  large  quantities  from  the  oil  wells  of  Pennsylvania ;  also  found  in  eastern  Vir- 
ginia, Kentucky,  Ohio,  Illinois,  Michigan,  and  Mew  York.  In  Canada,  at  several  places  ;  in 
southern  California  ;  in  Mexico  ;  Trinidad. 

Some  well-known  foreign  localities  are  :  Rangoon,  Burmah ;  western  shore  of  the  Caspian 
Sea ;  in  Parma,  Italy  ;  Sicily ;  Galicia ;  Tegemsee,  Bavaria ;  Hanover. 


(J)  The  Olcfiant  or  Ethylene  series.  General  formula  O^H^a*  Here 
belong  the  pittoliuin  group  of  liquids,  or  jpitta&phalts  (mineral  tar),  and  the 
jparcfjffins. 

Paraffin  group. — Wax-like  in  consistence ;  white  and  translucent  Sparingly  soluble  in 
alcohol,  rather  easily  in  ether,  and  crystallizing  more  or  less  perfectly  from  the  solutions.  G. 
about  0  85-0 -98.  Melting  point  for  the  following  species,  33^-90  ^  The  dilferent  species 
varying  in  the  value  of  n^  vary  also  in  boiling  point,  and  other  characters. 

Paraffins  occur  in  the  Pennsylvania  petroleum,  a  freezing  mixture  reducing  the  tempera- 
ture being  sufficient  to  separate  it  in  crystals.  Also  in  the  naphtha  of  the  Caspian,  in  Ban- 
goon  tar,  and  many  other  liquid  bitumens.  It  is  a  result  of  the  destructive  distillation  of 
peat,  bituminous  coal,  lignite,  coaly  or  bituminous  shales,  most  viscid  bitumens,  wood-tar, 
and  many  other  Eubstances. 

The  name  is  from  the  Latin  parumy  Uttiey  and  afflniiy  alluding  to  the  feeble  affinity  for  other 
substances,  or,  in  other  words,  its  chemical  indifference. 

To  the  Paraffin  Group  belong : 

UuPETniTs.— Consistency  of  soft  tallow.  Melting  point  89^  C.  Soluble  in  oold  ether. 
Urpeth  Colliery. 
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HATcnBTTTTR. — In  thin  plates  or  massive.  Color  yellowish,  or  greenish-wliite ;  blackoif 
on  exposure.  Melting  point  46^  C.  In  the  coal-measures  of  Glamoiganshire ;  BossiU. 
Moravia. 

Ozocerite. — Like  wax  or  spermaceti  in  appearance  and  consistency.  G.  =O*85-O'90. 
Colorless  to  white  when  pure ;  often  leek-green,  yellowish,  brownish-yellow,  brown.  Trmofr 
lucent.  Greasy  to  the  touch.  Fusing  point  56°  to  63<*  0.  Occurs  in  beds  of  coal,  or  associ- 
atod  bitumiuDus  deposits  ;  that  of  Slanik,  Moldavia,  beneath  a  bed  of  bituminous  clay  shale; 
in  masses  of  sometimes  80  to  100  lbs. ,  at  the  foot  of  the  Carpathians,  not  far  from  beds  of 
coal  and  salt ;  that  of  Boryslaw  in  a  bituminous  day  associated  with  calcif eroos  beds  in  the 
formation  of  the  Carpathians,  in  masses.  The  same  compound  has  been  obtained  from  mine- 
ral coal,  peat,  and  petroleum,  mineral  tar,  etc.,  by  destructive  distillation.  Name^^bpn  6,u, 
&ineU,  and  K//^of ,  wax,  in  allusion  to  the  odor.  ^^^ 

Elaterite. — Massive,  soft,  elastic;  often  like  india-rubber,  though  sometimeft  A»azd  and 
brittle.  It  is  found  at  Castleton  in  Derbyshire,  in  the  lead  mine  of  Odin,  along  with  lead  on 
and  calcite,  in  compact  renif orm  or  fungoid  masses,  and  is  abundant.  Also  reported  from  Si 
Bernard's  Well,  Edinbuigh,  etc. 

ZiETRiBiKiTE  and  Ptrofissite  belong  here. 


{c)  The  Camphene  Series.     General  Formula  Cj^'S^a-A' 

FiCHTELiTE.  — In  white  monoclinic  crystals.  Brittle.  Solidifies  at  36**  C.  Soluble  in  ethsL 
The  mineral  occurs  in  the  form  of  shiniug  scales,  flat  crystals,  and  thin  layers  between  the 
rings  of  growth  and  throughout  the  texture  of  pine  wood  (identical  in  species  with  the  modem 
Pinus  gykestrvi)  from  peat  beds  in  the  vicinity  of  Bedwitz  in  the  Fichtelgebiiige,  North 
Bavaria.     In  peat  near  Sobeslau ;  in  a  log  of  Pinus  Australia. 

Hartite.— Resembles  fichtelite,  but  melts  at  Ti^'-TS"  C.  Found  in  a  kind  of  pine,  like 
fichtelite.  but  of  a  different  species,  the  Petice  a^ierosa  Ung^r,  belonging  to  an  earlier  geologictl 
epoch.  From  the  brown-coal  beds  of  Oberhart,  near  Gloggnits,  not  far  from  Vienna.  B^wited 
also  from  Rosenthal  near  Koflach  in  Styria,  and  Pravali  in  Carinthia. 

DiNiTE  and  Ixolytb  belong  here. 


{d)  The   Benzole   Series,     General   Formula   CnH2n«6-      Including  the 
Benzole  liquids  and  Konlite  from  IJznach,  and  Redwitz. 
{e)  The  Naphthalin  Series.     General  Formula  C„H2n_i2. 

NAPXiTiiATiiN. — Occurs  in  Rangoon  tar.  Idrtalite,  crystalline  in  the  pure  state.  CoIcm: 
white.  In  nature  found  only  impure,  being  mixed  with  cinnabar,  clay,  and  some  pyrite  and 
gypsum  in  a  brownlHh- black  earthy  material,  called  from  its  combustibility  and  the  presence 
of  mercurj',  injiammable  cinnabar  {QiLccksilbcrbranderz),  Idria,  Spain.  Aragotite,  from 
New  Almaden  Mine,  Cal.,  is  related  to  idrialite. 


2.  The  Oxygenated  JIydrooarbons  embrace  different  groups  hanng 
ratios  of  C  :  II  varying  from  1  :  2  to  5  :  5^,  or  less.  Some  of  the  more 
important  are : 

Geoceritr.  Wax-like.  Color  white.  Melting  point  near  80*"  C.  ;  after  fusion  solidifies  as 
a  yellowish  wax,  hard  but  not  very  brittle.  Soluble  in  alcohol  of  80  p.  c.  Ca»H8B0«  =  Carbon 
79*24,  hydrogen  13  21,  oxygen  7 '55 =100.  From  the  same  dark-brmjm  brown  coal  of  Gester- 
witz  that  afforded  the  geomyricite,  aud  from  the  same  solution. 

Gkomyricitk. — Wax-like.  Obtained  in  a  pulverulent  form  from  a  solution,  the  grains  oon- 
nsting  of  acicular  ciystals.  Color  white%  Melting  point  SO^-SS"  C.  After  fusion  has  the 
aapect  of  a  yellowish  brittle  wax.  Soluble  easily  in  hot  absolute  alcohol  and  ether,  hot 
in  alcohol  of  80  p.  c.  C,4H«eOj= Carbon  8059,  hydrogen  18  42,  oxygen  5  90=100. 
with  a  bright  flame.     Occurs  at  the  Gesterwitz  brown  coal  deposit,  in  a  dark  bnnen 
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SnOCINmi.    Amber.     Sucom,  Ambre,  Fr.    Bernstein,  Oerm, 

In  irregular  masaes,  without  cleavage.  H.=2-2-5.  G.=l'0()5-1-081. 
Lustre  resinous.  Color  yellow,  sometimes  reddish,  brownish,  and  whitish, 
often  clouded.  Streak  white.  Transparent — translucent  Tasteless.  Elec- 
tro on  friction.     Fuses  at  287°  C,  but  without  becoming  a  flowing  liquid. 

Comp.— Ratio  f or  C  :  H  :  0=40  :  64  :  4=Carbon  78  94,  hydrogen  10-53,  oxygen  10-53= 
100.  Bat  amber  is  not  a  simple  resin.  According  to  Berzclius,  it  consists  mainly  (85  to  90 
p.  a)  of  a  resin  which  resists  all  solvents  (properly  the  species  succinite),  along  with  two  other 
resins  soluble  in  alcohol  and  ether,  an  oil,  and  2^  to  6  p.  c.  of  succinic  acid.  Amber  is  hardly 
acted  on  by  alcohol  Bums  readUy  with  a  yeUow  flame,  emitting  an  agreeable  odor,  and 
leaves  a  black,  shining,  carbonacequs  residue. 

Obs. — Occurs  abundantly  on  the  PruHsian  coast  of  the  Baltic ;  occurring  from  Dantzig  to 
Bfemel ;  also  on  the  coast  of  Denmark  and  Sweden;  in  Galicia,  near  Lembeig,  and  at  Miszan  ; 
In  Poland ;  in  Moravia,  at  Boskowitz,  etc.  ;  in  the  Urals,  Russia ;  near  Christiania,  Norway ; 
in  Switzerland,  near  Bale;  in  France,  near  Paris,  in  day.  In  England,  near  London,  and  on 
the  coast  of  Norfolk,  Essex,  and  Suffolk.  In  various  parts  of  Asia.  Also  near  Catania,  on 
the  Sicilian  coast.  It  has  been  found  in  various  parts  of  the  Green  sand  formation  of  the 
United  States,  either  loosely  imbedded  in  the  soil,  or  engaged  in  marl  or  lignite,  as  at  Gay 
Head  or  Martha^s  Vineyaid,  near  Trenton,  and  also  at  Camden  in  New  Jersey,  and  at  Cape 
Sable,  near  Magothy  river  in  Maryland.  In  the  royal  museum  at  Berlin  there  is  a  mass 
weigMng  18  lbs.  Another  in  the  kingdom  of  Ava,  India,  is  nearly  as  large  as  a  child^s  head, 
and  weighs  2\  lbs. 

It  is  now  fully  ascertained  that  amber  is  a  vegetable  resin  altered  by  fossilization.  This 
is  inferred  both  from  its  native  situation  with  coal,  or  fossil  wood,  and  from  the  occurrenoe 
of  insects  incased  in  it.  Of  these  insects,  some  appear  evidently  to  have  struggled  after  being 
entangled  in  the  then  viscous  fluid  ;  and  occasionally  a  leg  or  a  wing  is  found  some  distance 
frcnn  the  body,  which  had  been  detached  in  the  effort  to  escape. 

Amber  was  early  known  to  the  ancients,  and  called  tf/enrpov^  electrum^  whence,  on  account 
of  its  electrical  susceptibilities,  we  have  derived  the  word  eleetricity.  It  was  named  by  some 
lyncurium,  though  this  name  was  applied  by  Theophrastus  also  to  a  stone,  probably  to  zircon  or 
tourmaline,  both  minerals  of  remarkable  electrical  properties. 

Other  related  resins  are:  Cofalitb  (retinite  pt.)  from  Highgate  Hill,  near  London; 
Krantzite,  Nienburg ;  Walcuowitk,  Walchow,  Moravia ;  Ambiute,  N.  Zealand ;  Bath- 
VILLITE,  occurring  in  the  torbantte^  or  Boghead  coal  of  Bathville,  Scotland ;  torbaniU  is 
related  to  it.     Sieqburoite,  ^curaufitb,  AiiBuosmE,  Duxite. 

XTLORETmiTB  (hartine).--C  :  H  :  0=40  :  64  :  4.  Bombiccite,  C  :  H  :  0=18  :  7  : 1,  in 
lignite  in  the  valley  of  the  Amo,  Tuscany.  Leucopetrite.  C  :  H  :  0=50  :  84  :  3.  Ges- 
kerwitz,  near  Weissenf els.  Euo^iTB.  C  :  H  :  0=34  :  29  :  2,  from  the  brown  coal  at  Baiershof 
bi  the  Fichtelgebirge.  Bohthornite.  C  :  H  :  0=24  :  40  :  1.  In  coal  at  Sonnberg,  Carin- 
thia.     The  above  species  are  soluble  in  ether. 

Sclerbtinite.— C  :  H  :  0=40  :  64  :  4.     Insoluble  in  ether.    Wigan,  England. 

PTRORBTmiTE,  Jaulinoite,  EEUSsniriTB,  Gutaquillite,  WHEELERrrE  (New  Mexioo), 
eta     Ratio  of  C  :  H=5  :  7  to  5  :  6^. 

MiDDLETOKiTB,  Stanekite,  Anthracoxenitb.  Batio  of  C  :  H=6  :  5}  or  less.  Insdu- 
able  in  ether  or  alcohoL 

Tasmanite  and  Dtsodilb  are  remarkable  in  containing  sulphur,  replacing  part  of  the 
oxygen. 

The  AoiD  Oxygenated  Hydbooasbons  include  Butyrellite  (Bogbutter), 
Succinellite,  Dopplerite,  etc,  etc. 
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APPENDIX   TO  HTDROCARBONS. 

A8PHALTUBI.    Bitamen.    Asphalt,  Mineral  Pitch.    Bozgpech,  £  <dpech,  Oerm, 

Asphaltum,  or  mineral  pitch,  is  a  mixture  of  different  hydrocarbons,  part 
of  which  are  oxygenated.     Its  ordinary  characters  are  as  follows: 

Amorphous.  &.=1-1'8 ;  sometimes  higher  from  impurities.  Lustre 
like  that  of  black  pitch.  Color  brownish-black  and  black.  Odor  bitumi- 
nous. Melts  ordinarily  at  90°  to  100°  C,  and  burns  with  a  bright  flame. 
Sohible  mostly  or  wholly  in  oil  of  turpentine,  and  partly  or  wholly  in  ether; 
commonly  partly  in  alcohol. 

The  more  solid  kinds  graduate  into  the  pittasphalts  or  mineral  tar,  and 
throu«^h  these  there  is  a  gradation  to  petroleum.  The  fluid  kinds  change 
into  the  solid  by  the  loss  of  a  vaporizable  portion  on  exposure,  and  also  by 
a  process  of  oxidation,  which  consists  first  in  a  loss  of  hydrngen,  and  flnallj 
in  the  oxygenation  of  a  portion  of  the  mass. 

Obs. — Asphaltum  belongs  to  rocks  of  no  particular  age.  The  most  abundant  depositi  an 
superficial.  But  these  are  generally,  if  not  always,  connected  with  rock  deposita  oontatninf 
some  kind  of  bituminous  material  or  vegetable  remains. 

Some  of  the  noted  localities  of  asphaltum  are  the  region  of  the  Dead  Sea,  or  Lake  Asfdial- 
tites,  on  Trinidad ;  at  various  places  in  S.  America,  as  at  Cazitambo,  Pern ;  at  Berengda» 
Peru,  not  far  from  Arica  (S.) ;  in  Calif omia,  near  the  coast  of  St  Barbara.  Also  in  amaller 
quantities,  sometimes  disseminated  through  shale,  and  sandstone  rocks,  and  occasionaUy  lime- 
stones, or  collected  in  cavities  or  seams  in  these  rocks ;  near  Matlock,  Derbyshire ;  Poldioe 
mine  in  Cornwall ;  Val  de  Travers,  Neuchatel ;  impregnating  dolomite  on  the  island  of  Brasa 
in  Dolmatia ;  in  the  Caucasus  ;  in  gneiss  and  mica  schist  in  Sweden. 

The  following  substances  are  closely  related  to  asphaltum,  and,  like  it,  are  mixtorea  of  on- 
determined  carbohydrogens, 

Grahamitr,  IV't/rte.— Resembles  the  preceding  in  its  pitch-black,  lustrous  appearance;  H. 
=2;  G,  =l'14o.  Soluble  mostly  in  oil  of  turpentine  ;  partly  in  ether,  naphtha,  or  benzole; 
not  at  all  in  alcohol ;  wholly  in  chloroform  and  carbon  disulphide.  No  action  with  alkalies  or 
hot  nitric  or  hydrochloric  acid.  Melts  only  imperfectly,  arid  with  a  decomposiiion  of  the 
surface  ;  but  in  this  state  the  interior  may  be  drawn  into  l^Dg  threads.  Occurs  in  W.  Vir- 
ginia, about  20  m.  in  an  air  line  S.  of  Parkersburg,  filling  a  fissure  (shrinkage  fissure)  in  a 
sandstone  of  the  Carboniferous  formation ;  and  supposed  to  be,  like  the  albertite,  an  inspis- 
sated and  oxygenated  petroleum. 

Albektitk,  liobb. — Differs  from  ordinary  asphaltum  in  being  only  partiaUy  soluble  in  oil 
of  turpentine,  and  in  its  very  imperfect  fusion  when  heated  It  has  H.  =  1-2  ;  G.=l'0&7; 
lustre  brilliant,  pitch -like  ;  color  jet-black.  Softens  a  little  in  boiling  water ;  in  the  flame  of 
a  candle  shows  incipient  fusion.  According  to  imperfect  determinations,  only  a  trace  soluble 
in  alcohol ;  4  p.  c.  m  ether ;  30  in  oil  of  turpentine.  Occurs  filling  an  irregfular  fisaure  in 
rocks  of  the  Subcarboniferous  age  (or  Lower  Carboniferous)  in  Nova  Scotia,  and  is  regarded 
as  an  inspissated  and  oxygenated  petroleum.  This  and  the  above  are  very  valuable  in  gas- 
making. 

PiAUZiTK. — An  asphalt-like  substance,  remarkable  for  its  high  melting  point,  315*  0.  It 
occui's  slaty  massive  ;  color  brownish-  or  greenish-black  ;  thin  splinters  colopbonite-brown  by 
tninsmitted  lij^bt ;  streak  light  brown,  amber-brown  ;  H.=l-5  ;  G. =1*220;  1-186,  KenngotL 
It  comes  from  a  bed  of  brown  coal  at  Piauze,  near  Neustadt  in  Camiola ;  on  Mt^  Chum,  neat 
Tiiffer  in  St^-ria 

WoLT.oNOONOiTE,  SUUman. — Occurs  in  cubic  blocks  without  lamination.  Fracture  broad 
conchoidal.  Color  p^reenish-  to  brownish-black.  Lustre  resinous.  In  the  tuhe  does  not  melt, 
but  decrepitates  and  gives  off  oil  and  gas  ;  yields  by  dry  distillation  82*5  p.  c.  volatile  matter 
Insoluble  in  ether  or  benzole.     New  South  Wales. 
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The  distinguiBhing  characters  of  Mineral  Coal  are  as  follows:  Compact 
massive,  without  crystalline  structure  or  cleavaoje ;  sometimes  breaking 
with  a  degree  of  regularity,  but  from  a  jointed  rather  than  a  cleavage  struc- 
ture. Sometimes  laminated  ;  often  faintly  and  delicately  banded,  successive 
layers  differing  slightly  in  lustre. 

H.=0-5-2-5.  (t.=1-1-80.  Lustre  dull  to  brilliant,  and  either  earthy, 
resinous,  or  submetallic.  Color  black,  grayish-black,  brownish-black,  and 
occasionally  iridescent ;  also  sometimes  dark  brown.  Opaque.  Fracture 
conchoidal — uneven.  Brittle ;  rarely  somewhat  sectile.  Without  taste, 
except  from  impurities  present.  Insoluble  or  nearly  so  in  alcohol,  ether, 
naphtha,  and  benzole.  Infusible  to  subf usible ;  but  often  becoming  a  soft, 
pliant,  or  paste-like  mass  when  heated.  On  distillation  most  kinas  afford 
more  or  less  of  oily  and  tarry  substances,  which  are  mixtures  of  hydrocar- 
bons and  paraffin. 

Mineral  coal  is  made  up  of  different  kinds  of  hydrocarbons,  with  perhaps 
in  some  cases  free  carbon. 

Var. — The  YariationB  depend  partly  (1)  on  the  amonnt  of  the  volatile  ingredients  aiforded 
on  deatmctive  destUlation ;  or  (2)  on  the  nature  of  these  volatile  compounds,  for  ingredients 
of  Bimilar  composition  may  differ  widely  in  volatility,  etc.  ;  (3)  on  stmcture,  lustre,  and  other 
physical  characters. 

1.  ANTmiACiTB.  H.  =2-2-5.  G.=l-33-l-7,  Pennsylvania;  I'Sl,  Rhode  Island  ;  1*26-1  86, 
Sonth  Wales.  Lustre  bright,  often  submetallic,  iron  black,  and  frequently  iridescent.  Frac- 
ture conchoidal.  Volatile  matter  after  drying  3  to  6  p.  c.  Bums  with  a  feeble  flame  of  a  pale 
oolor.  The  anthracites  of  Pennsylvania  contain  ordinarily  85  to  93  per  cent,  of  carbon ;  those 
of  South  Wales,  88  to  95  ;  of  France,  80  to  83;  of  Saxony,  81  ;  of  southern  Russia,  some- 
times 94  per  cent.  Anthracite  graduates  into  bituminous  coal,  becoming  less  hard,  and  con- 
taining more  volatile  matter ;  and  an  intermediate  variety  is  called  free-burning  anthracite; 

Bituminous  Coals  (Steinkohle  pt..  Germ.),  Under  the  head  of  Bituminous  Coals,  a 
number  of  kinds  are  included  which  differ  strikingly  in  the  action  of  heat,  and  which  there- 
fore are  of  unlike  constitution.  They  have  the  common  characteristic  of  burning  in  the  fire 
with  a  yellow,  smoky  flame,  and  giving  out  on  distillation  hydrocarbon  oils  or  tar,  and  hence 
the  name  bituminous.  The  ordinary  bituminous  coals  contain  from  5  to  15  p.  c.  (rarely  16  or 
17)  of  oxygen  (ash  excluded) ;  while  the  so-called  brown  ooai  or  lignite  contains  from  20  to 
86  p.  c,  after  the  expulsion,  at  100*"  0. ,  of  15  to  36  p.  o.  of  water.  The  amount  of  hydrogen 
in  each  is  from  4  to  7  p.  c.  Both  have  usually  a  bright,  pitchy,  greasy  lustre  (whence  often 
called  Peehkolde  in  Gherman),  a  firm  compact  texture,  are  rather  fragile  compared  with  anthra- 
cite, and  have  G.  =1*14-1 '40.  The  brown  coals  have  often  a  brownish-black  color,  whence 
the  name,  and  more  oxygen,  but  in  these  respects  and  others  they  shade  into  ordinary  bitu- 
minous ooals.  The  ordinary  bituminous  coal  of  Pennsylvania  has  O.  =1-26-1*37;  of  New- 
castle, England,  127;  of  Scotland,  1  27-1  32;  of  France,  1-2-1  "33;  of  Belgium,  1-27-1  3. 
The  most  prominent  kinds  are  the  following : 

2.  Gakino  Coal.  A  bituminous  coal  which  softens  and  becomes  pasty  or  semi-viscid  in 
the  fire.  This  softening  takes  place  at  the  temperature  of  incipient  decomposition,  and  is 
Attended  with  the  escape  of  bubbles  of  gas.  On  increasing  the  heat,  the  volatile  products 
which  result  from  the  ultimate  decomposition  of  the  softened  mass  are  driven  off,  and  a 
ooherent,  grayish-blaok,  ceUular,  or  fritted  mass  {coke)  is  left.  Amount  of  coke  left  (or  part 
not  volatile)  varies  from  50  to  85  p.  o.     Byerite  is  from  Middle  Park,  Colorado. 

8.  Non-Cakino  Coal.  Like  the  preceding  in  all  external  characters,  and  often  in  ultimate 
composition  ;  but  burning  freely  without  softening  or  any  appearance  of  incipient  fuuon. 

4.  CanneIi  Coal  (Parrot  Coal).  A  variety  of  bituminous  coal,  and  often  caking ;  but  dif- 
fering from  the  preoeding  in  texture,  and  to  some  extent  in  composition,  as  shown  by  its 
products  on  distillation.  It  is  compact,  with  little  or  no  lustre,  and  without  any  appearance 
of  a  banded  structure;  and  it  breaks  with  a  conchoidal  fracture  and  smooth  surfaces;  color 
dull  black  or  grayish -black.  On  distillation  it  affords,  after  drying,  40  to  66  oi  volatile  mat- 
ter, and  the  material  volatiliaed  includes  a  laige  pxoportioa  A  homing  md  lubricating  oitoi 
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much  latg^i'  ^^'^  ^^®  above  kinds  of  bitaminoos  coal ;  whence  it  is  extensiTelj  naed  for  ^ 
manufacture  of  such  oils.  It  graduates  into  oil-produdng  coaly  shales,  the  more  compact  d 
which  it  much  resembles. 

5.  ToRBANiTE.  A  variety  of  cannel  coal  of  a  dark  brown  color,  yeUowinh  streak,  without 
lustre,  having  a  subconchoidal  fracture;  H.=2'25 ;  G.  =  1*17-1 '2.  Yields  over  00  p.  a  of 
volatile  matter,  and  is  used  for  the  production  of  burning  and  lubricating  oils,  paraffin,  ilia- 
minating  gas.  From  Torbane  Hill,  near  Bathgate  in  Linlithgowshire,  Scotland.  Also  called 
Boghead  Vannd, 

6.  Brown  Coal  (Braunkohle  Qerm.y  Pechkohle  pt.  OernL^  Lignite).  The  prominenl 
characteristics  of  brown  coal  have  already  been  mentioned.  They  are  non-caking,  but  afford 
a  large  proportion  of  volatile  matter.  They  are  sometimes  pitch-black  (whence  Pechkohle 
pt.  Oerm.\  but  often  rather  dull  and  brownish-black.  G. =1*15-1  '3  ;  sometimes  higher  from 
impurities.  It  is  occasionally  somewhat  lamellar  in  structure.  Brown  coal  is  often  called 
lignite.  But  this  term  is  sometimes  restricted  to  masses  of  coal  which  still  retain  the  form  ol 
the  original  wood.  Jet  is  a  black  variety  of  brown  coal,  compact  in  texture,  and  taking  i 
good  polish,  whence  its  use  in  jewelry. 

7.  Earthy  Brown  Coal  {JSrdige  Braunkohle)  is  a  brown  friable  material,  sometimes  form* 
ing  layers  in  beds  of  brown  coal.  But  it  is  in  general  not  a  true  coal,  a  considerable  part  of 
it  being  soluble  la  ether  and  benzole,  and  often  even  in  alcohol ;  besides  affording  laigelj  of 
oils  and  paraffin  on  distillation. 

Oomp. — Most  mineral  coal  consists  mainly,  as  the  best  chemists  now  hold,  of  oxygenated 
hydrocarbons.  Besides  oxygenated  hydrocarbons,  there  may  also  be  present  simple  hjjdroear- 
bom  (that  is.  containing  no  oxygen). 

Sulphur  is  present  in  nearly  all  coals.  It  is  supposed  to  be  usually  combined  with  iron, 
and  when  the  coal  affords  a  red  ash  on  burning,  there  is  reason  for  believing  this  true.  Bat 
Percy  mentions  a  coal  from  New  Zealand  (anal.  18)  which  gave  a  peculiarly  white  ash, 
although  containing  2  to  3  p.  c.  of  sulphur,  a  fact  showing  that  it  is  present  not  as  a  sulphide 
of  iron,  but  as  a  constituent  of  an  organic  compound.  The  discovery  by  Church  of  a  re>in 
containing  sulphur  (see  Tasmanite,  p.  393),  gives  reason  for  inferring  that  it  may  exist  in 
this  conl  in  that  state,  although  its  presence  as  a  constituent  of  other  organic  compoundB  is 
quite  possible. 

The  chemical  relations  of  the  different  kinds  of  coals  will  be  understood  from  the  follow- 
ing analyses: 

Carbon.  Hydrogen.  Oxygen.  Nitrogen.  Sulphur.  Ash. 

1.  Anthracite,  S.  Wales                         92  56            3  33            2  53          1-58 

2.  Caking  Coal,  Northumberland        78-69            6  00          1007  2  37  151  1  :]6 

3.  NonCaking  Coal,  Zwickau              8025            401          10-98  0*49  2*99  157 


2  37 

1-51 

0-49 

2-99 

212 

1  50 

0-55 

0  50 

4.  Cannel  Coal,  Wigan  8007  5 "53  810  2*12  150        2  70 

5.  Torbanite,  Torbane  HUl  64-02  890  566  055  0  50      20  32 

6.  Brown  Coal,  Meissen,  Sax.  68-90  5-36  21-63         6-61        7  50 

Coal  occurs  in  beds,  interstratified  with  shales,  sandstones,  and  conglomerates,  and  some- 
times limestones,  forming  distinct  layers,  which  vary  from  a  fraction  of  an  inch  to  30  feet  or 
more  in  thickness.  In  the  United  States,  the  anthracites  occur  east  of  the  Alleghany  range, 
in  rocks  that  have  undergone  great  contortions  and  fracturing^,  while  the  bituminous  arc 
found  farther  west,  in  rocks  that  have  been  le.<w  disturbed  ;  and  this  fact  and  other  observa- 
tions have  led  some  geologists  to  the  view  that  the  anthracites  have  lost  th^flkitumen  by  the 
action  of  heat.  The  origin  of  coal  is  mainly  vegetable,  though  animal  lifeHas  contributed 
somewhat  to  the  result  The  beds  were  once  beds  of  vegetation,  analogous,  yi  most  respects, 
in  mode  of  formation  to  the  peat  beds  of  modem  times,  yet  in  mode  of  burial  often  of  a  very 
different  character.  This  vegetable  origin  is  proved  not  only  by  the  occurrence  of  the  leaves, 
stems,  and  logs  of  plants  in  the  coal,  but  also  by  the  presence  throughout  its  texture,  in 
many  cases,  of  the  forms  of  the  original  fibres ;  also  by  the  direct  observation  that  peat  is 
a  transition  state  between  unaltered  vegetable  debris  and  brown  coal,  being  sometimes  found 
passing  completely  into  true  brown  coaL  Peat  differs  from  true  coal  in  want  of  homo- 
geneity, it  visibly  containing  vegetable  fibres  only  partially  altered  ;  and  wherever  changed 
to  a  fine-textured  homogeneous  material,  even  though  hardly  consolidated,  it  may  be  true 
brown  coal. 

Extennive  beds  of  mineral  coal  occur  in  Great  Britain,  covering  11,859  square  miles ;  in 
France  about  1,719  sq.  m. ;  in  Spain  about  3,408  sq.  m. ;  in  Belgium  518  sq.  m. ;  in  Nether- 
lands, Prussia.  Bavaria,  Austria,  northern  Italy,  Silesia,  Spain,  Russia  on  the  south  near  the 
Azof,  and  also  in  the  Altai.     It  is  found  in  Asia,  abundantly  in  China,  etc. ,  eta 

In  the  United  States  there  are  four  separate  coal  areas.  One  of  these  areas,  the  Appala> 
ohian  coal  field,  commences  on  the  north,  in  Pennsylvania  and  southeastern  Ohio,  and  sweep 
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ing*  Roath  over  western  Viigmia  and  eautem  Kentucky  and  Tennessee  to  the  west  of  the 
Appalachians,  or  partly  involyed  in  their  ridges,  it  continues  to  Alabama,  near  Tuscaloosa, 
where  a  bed  of  coal  has  been  opened.  It  has  been  estimated  to  cover  60,000  sq.  m.  A  sec- 
ond coal  area  (the  Illinois)  lies  adjoining  the  Mississippi,  and  covers  the  larger  part  of  Illinois, 
though  much  broken  into  patches,  and  a  small  northwest  i>art  of  Kentucky.  A  third  covers 
the  central  portion  of  Michigan,  not  far  from  5,000  sq.  m.  in  area.  Besides  these,  there  is  a 
smaller  coal  regfion  (a  fourth)  in  Bhode  Island.  The  total  area  of  workable  coal  measures  in 
the  United  States  is  about  125,000  sq.  m.  Out  of  the  borders  of  the  United  States,  on  the 
northeast,  commences  a  fifth  coal  area,  that  of  Nova  Scotia  and  New  Brunswick,  which 
covers,  in  connection  with  that  of  Newfoundland,  18,000  sq.  m. 

The  mines  of  western  Pennsylvania,  those  of  the  States  west,  and  those  of  Cumberland  or 
Frostburg,  Maryland,  Richmond  or  Chesterfield,  Va.,  and  other  mines  south,  are  bituminous. 
Those  of  eastern  Pennsylvania  constituting  several  detached  areas— one,  the  Schuylkill  coal 
fiield — another,  the  Wyoming  coal  field — those  of  Rhode  Island  and  Massachusetts,  and  eome 
patches  in  Virginia,  are  anthracites.  Cannel  coal  is  found  near  Greensburg,  Beaver  Co.,  Pa., 
in  Kenawha  Co. ,  Va.,  at  Peytona.  eta  ;  also  in  Kentucky,  Ohio,  Illinois,  Missouri,  and  Indiana  ; 
but  part  of  the  so-called  cannel  is  a  coaly  shale. 

Brown  coal  comes  from  coal  beds  more  recent  than  those  of  the  Carboniferous  age.  But 
much  of  this  more  recent  coal  is  not  distinguishable  from  other  bituminous  coals.  The  coal 
of  Richmond,  Virginia,  is  supposed  to  be  of  the  Liassic  or  Tiiassic  era ;  the  coal  of  Brora,  in 
Sutherland,  and  of  Bovey,  Yorkshire,  is  Oolitic  in  age.  Cretaceous  coal  occurs  on  Van- 
ooover  Island,  and  Cretaceous  and  Tertiary  coal  in  many  places  over  the  Rocky  Mountaiofl^ 
where  a  **  Lignitio  formation"  is  ¥eiy  widely  distributed. 


APPENDIX   A. 

SYHOPSTS  OF  MILLER'S  SYSTEM  OF  CRYSTALLOGBAFHr. 


The  foUoiirinK  poRet  oontuD  a  ooscise  preseDtatioii  of  tbe  Sjstem  of  Ciystallography  jiro- 
posed  by  Prof.  W.  K.  Miller  in  1S39.  and  non  employed  b;  a  large  proportioa  of  the  worken 
In  Hineralogy,  The  attempt  baa  been  made  to  preRent  tbe  subject  brieQj,  and  ;at  with  auffi- 
cient  falness  to  enable  an;  one  haTiDg  some  previons  knowledge  of  CrjataUogrspb;  not  only 
to  understand  the  System,  but  also  to  nse  it  himself.  For  the  full  development  of  the  gubject, 
especially  ol  its  tbeoreticnl  gide,  reference  mnat  be  made  to  the  woiks  of  lliller,  Oroilioh, 
Ton  Lang,  and  Schcanf,  referred  to  in  the  Introdnction,  as  also  to  the  admirable  Lectures  of 
pTol  Haskelyne,  printed  in  the  Chemical  News  for  1873  (voL  xzzi.,  8,  13,  24,  68,  101,  111, 
lai,  103,  300,  232). 

Oehkbal  pBOidFLEa. 


acnuned  axes  X,  T,  Z  fTom  their  point  of  interBection  O.  The  lengths  of  theite  axes  foe  a 
■ingle  plane  of  a  cryntol  being  taken  as  anita.  thna  OA  =  o,  OB  =  b.  00  —  i,  it  Is  found  that  th« 
lengtbi  of  the  corresponding  knos  OH,  OK,  OL  lor  an;  oUier  plaiie,  HKL,  of  the  same  taj^ 


The  DQubers  tepretented  b;  h,  A,  1  are  called  the  indices  of  the  plane  and  deteiminB  Hi 
poBitioD,  when  the  tUiMidt  of  the  crjabal— the  lengths  and  mntnal  inclinatitxu  of  the  «xet— 
are  known.  When  the  lines  are  taken  in  the  oppoaite  direction  from  O,  the;  afe  okll«d  u«a- 
e  character  of  the  indices  is  indicated  by  the  n-'"—  — 


Hers  r,  n,  m,  which  are  obrlonalr  the  reeiproeaU  of  the  indloet  h,  k,  I  MspeoUnij,  u* 
eeeentially  identical  with  -tiie  lymtxds  of  Naumann,     For  example,  if  h  =  3,k  =  9.l  =  i, 

then  r  ~i,  n  =  i,  m  =  i,  and  the  symbol  ('122)  of  Miller  beocmea  ia  -.ib  ;  ic;  but  bj  Vta- 
mann'a  usage  this  is  so  transformed  that  r  =  1,  and  n  >  1  (or  sometimes  n  =  1,  and  r  >  I), 
In  other  words,  by  maltiplying  through  by  8.  in  this  case,  the  Eymbol  takes  the  forw  a  :  )i  : 
34*  01,  aa  abbreviated.  |-t  (*P?|.  The  i^Dibol  a  :  |6  :  fe  properly  belongs  to  theplaneJOTB 
(f.  731),  which  is  parcel  to,  and  hence  crystal Ingraphicolly  identical  (p.  11}  with  the  pUM 
HEL. 

fipeeiat  taliia  of  fAe  ijidUe*  A,  k,  I.  It  ia  obvioaa  that  several  distinct  cases  are  peanUa: 
(1)  The  three  indices  A,  A,  1  are  all  greater  than  nnity,  then  including  the  varioas  pytaaidil 
planee.  The  nnmber  of  simihki  planea  oorresponding  to  the  general  form  j  JUJ  i  dep«sds 
npon  the  degree  of  nymmetry  of  the  crystalliae  system,  and  upon  the  special  Talnea  of  A,  Jl,  ^ 
e.g..  h  =  i;  etc.     These  cases  are  considered  later  in  tfaeir  proper  place. 

(2)  Ooe  of  the  three  iudices  may  be  equal  to  zero,  indicating  then  that  the  plane  is  paialld 
to  the  axis  corresponding  to  tblH  index.  Thus  the  symbol  {AkO),  =  ii  :  r;i  ;  ac  c,  or  na  :  b  :  mt 
(p.  11).  belon)^  to  the  planes  parallel  to  the  veiticsJ  axis  i;  as  shown  in  f.  752.  Tbeyoie 
called  prismatic  planes.  TIA  symbol  (AOJl,  =  a  ;  a>£  ;  tne  <p.  11)  belongs  to  the  planea  par- 
allel to  the  axis  i,  as  inf.  753.  The  symbol  (OA'O,  :=cDa:b:  nx:,  belongs  t«  the  planes  parallel 
to  the  axis  a,  t.  754. 

752  753 


-P-^ 


A-T. 

/    ^.. 

/  ' 

/T  /      '■ 

I  1  ^ 

\ 

hka 


AW 


(31  Two  of  the  indices  may  be  zi 
the  basal  plane,  f.  753  ;  (010),  =  c 
tlirec  dinnictral  or  pioacoid  plants. 

The  KViiiliol  1010)  represents  the  cUnnfnnneoid  l,i-\)  of  the  Monoclinio  system,  but  (following 
Mill' r)  tlie  macnijitnacoui  (I'-t)  of  the  Orthorhombic.     Similarly  {/lOC)  belongs  to  the  ortho- 


*  The  Kymbdl  is  written  here  in  this  order  to  corrcapond  with  the  (A  it  I)  of  Uiller;  on 
page  10.  nnd  xnbsequenlly.  the  reverse  order  ie  :  ib  :  a  was  adopted  for  the  aike  wt  wd- 
(onuity  with  Naumann's  abbreviated  symbols. 
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4oiDea  of  Ab  Monoolbiio,  bat  the  braehjfdmnei  of  th«  OrthothomUo  BTBtem ;  alio  (fiH)  belongt 
to  the  clinodomea  of  the  former,  and  the  mscrodomes  of  the  l&tteT.     Seo  bIbo  p.  410. 

Spherical  Prejtetton. — If  the  o«iitr«  of  a  cryital,  th»t  it,  the  point  of  intersecitiaa  of  Ow 
tlizee   ftxes.  be  taken  u  the  centre  of  a 

Ipfaere,  and  normala  be  drawn  from  it  to  7S0 

tjie  mcixBaiTe  pUnes  of  the  ciystaU,  the 
pointa,  where  they  meet  the  enifaoe  of  the 
■phere,  will  be  (lia  poles  of  the  respective 
planes.  For  eiample,  in  f.  7S8  the  com- 
mon centre  of  the  crTBtal  and  sphere  is  at  0, 
the  Dormal  to  the  plane  b  meets  the  snif  ace 
ol  Uie  nphCFe  at  B,  of  b'  at  B',  of  d  and  e 
at  D  and  E  respectively,  and  eo  on.  These 
pedes  evidentJ;  determine  the  position  of 
tha  plane  in  eaoh  oaaa. 

It  i*  obrionB  t^at  the  pole  of  the  plane  b' 
(010)  oppoaite  b  (010),  will  be  at  the  oppo- 
nte  eztremitj  of  tb«  diameter  of  the  sphere, 
and  w  in  general,  (120)  and  (iSO),  eto.  It  ia 
■eenidaotbat  alt  Uiepolea,  or  normal  points, 
(tf  planes  in  the  same  ei»w,  that  is,  plane* 
whom  intersection -lines  are  parallel,  are  in 
the  aame  ?reat  circle,  for  instance  the 
planeai  (010),  d  (110),  a  (100),  e  (110),  and 

It  ia  onstomai7*  in  the  nae  of  the  iphere 
to  regard  it  as  projected  npon  a  horiiontal 
plane,  nsnalty  Qiat  normal  to  the  priamatla 
■one,  so  that,  aa  in  f .  75B,  the  prismatic  planes  lie  In  the  oiroumference  of  the  circle,  and  the 
otlier  planes  within  it.  The  e;e  being  snppoead  to  be  sitaated  at  the  opposite  extremity  of 
the  diameMr  of  the  sphere  normal  to  thia  plane,  the  great  drclei  then  appear  eiUier  aa  area 
of  dides,  or  aa  straight  tines,  t.s.,  diameters. 

It  will  be  further  obvioas  from  f.  TSH  that  the  arc  BD,  between  the  poles  of  b  and  d,  mea- 
sures an  angle  at  the  oentre  (BOD),  which  la  tbe  aapplement  of  tlie  actual  interior  angle  bnd 
between  the  two  planes.  This  fact,  that  the  arc  of  a  great  oinde  intercepted  between  the 
poles  of  two  planes  always  gives  tbe  supplement  of  the  aotnal  angle  betiveen  the  planes  them- 
selvei,  is  most  important,  and  does  mnch  to  facilitate  the  ease  of  calculation.  In  oonsequeaoe 
of  thia,  it  is  costomaty  with  manj  orystallographera  to  gfive  for  the  angle  between  two  planes, 
not  tbe  interfaoial  angle,  bnt  that  between  their  normal*. 

It  la  one  of  die  great  advantages  of  this  method  of  projeotiim  that  it  may  be  employed  to 
show  not  only  the  relative  poeitloos  of  tbe  planea,  bat  alao  thoae  of  the  optlo  axes,  and  the 
axes  of  elasticity. 

Rtiation  bttteeen  the  iadieei  of  a  plaju  and  the  angte  made  by  U  laith  the  aastt  —When  tbe 
aaaamed  axes  are  at  right  angles  to  each  other  they  colndde 
with  the  normals  to  the  pinaooid  planea  (001.  010,  100),  and  707 

ooDseqaently  meet  the  spherical  anrface  at  their  poles.  When 
the  axial  angle*  are  not  90°,  this  is  no  longer  troe.  In  all 
cases,  however,  the  fallowing  relation  holds  good  between 
tbe  cosines  of  the  angles  made  by  a  plane  with  the  axes : 


=  oosPX 


=  ooaPr 


r  =  00*  PZ. 


This  equation  la  fnndamentaL  and  many  of  the  relati<ms  given  beyond  are  deduoed  fmm  lb 
It  will  be  seen  that  in  the  case  of  the  orthometrlo  ^sterns  Uie  angles  PX.  FT,  PZ  are  the 

alement-anglea  between  any  plane  (UI)  and  the  jAnmocAiB  (001),  (010).  (100). 
btiant  bettMsn  plana  iit  IM  tame  tan*. — By  thenseof  the  equation  [2),  it  may  be  shown 


a  the  oonsbcnotion  of  Ibe  ^ladsal  prajeotlon,  bm  p.  68. 


tliM  if  two  plane*  (^lU)  and  (pjr)  Ue  In  th« 

vacMZQ  +  TAoosTQ  +  wdooaZQ 


Kone,  that  Um  foDowfav  aqnadoamait  hoU 


a  or  gzaat  oiiolo  PB.     Btot  pliu 

na  +  »y  +  w«  =  0 (I) 

If  now  (htw)  be  the  ijmbol  of  one  zone,  uid  (efg)  of  uioth«r  IntenedJng  ft,  tlien  Uis  pofnt 
of  intenecdon  will  be  the  pole  of  a  plane  Ijing  In  both  Eonee,  whow  indloea  (AJU)  mnat  Mti^ 
two  eqaations  BimilaT  to  (3).     These  indioee  iire  equal  to: 

h=  gw  —  fw  jt  =  ew  —  gn  t=fii  —  er. 

The  applicAtfon  of  thja  principle  Ib  eztremelj  simple,  and  its  Impoitanoe  oanuot  be  om- 
eetimated.     Some  examples  are  added  here,  showing  Uie  method  of  nae. 

SrnmpU*  of  the  metl>od$  of  ealeulalion  by  tone: — (1)  For  Uie  lone  of  plane*  botw«en  (100) 
and  {001),  the  lone  indioes  are  n  =  0,  t  =  —  1,  w  =  0.  Thej  are  obtained  bj  mnltipUoatiin 
in  the  manner  mdlcat«d  In  the  following  scheme : 


Inpneral 


I 


XXX 


1 


XXX 


=  tp  —  hr\  w  =  hg  —  kp. 
Oonaeqnentlj  sverf  plane  {hM)  In  the  lone  named  mnit  a 


r  the  ooaditiini :  vX  + 


(9)  Tat  the  » 


XXX 


n  =  I,  T  =  0,  w  =  0,  and  the  eqnation  of  oondition  beoomea  A  =  0,  and  the  general  ■jn- 
bol  la  (Oktt.    Compare  1  759. 

(8)  For  the  prismatio  tone  between  (100)  and  (010),  the  general  ajmbid  will  be  fonnd  to  be 
(UO).    Compare  f.  Tfi9. 
758  <4)  For  the  pyramidal  lone  between  the  basal  plane  (001)  and 


XXX 


the  nnlt  prism  (110),  we  have  theaobeme: 

1 

Benoe  n  =  I,  v  =  1,  w  =  0,  and  the  equation   of   condition  be- 
oomes  h=k,  and  henoe  the  general  iTmbol  ie  hM  for  the  unit  pyra- 

For  a  plane  l^ing  at  once  In  two  lones,  for  Instance  the  plane 
lettered  2-£  In  f.  759,  lying  in  the  tone  i,  2-S,  l-f,  and  in  the  aone 
i-i,  3-3,  2-2,  1,  1-L  The  indioes,  nvw,  for  the  flnt  time  1-i  (101), 
I  (110),  are,  obtained  as  above,  n  =  1,  v  =  1,  w  =  1.  Again,  for 
the  lone  between  ^1  (100),  1-i  (Oil),  the  sone  indices,  efg.  are, 
e  =  0.  f  =  1,  g  =  1.  The  indices  (/iJH,  for  the  plane  (S-i)  lying  m 
both  theK  Eonea,  and  hence  answering  to  two  eqnations  of  coedi- 
tion,  are  obtained  by  mnltipUoation  in  a  scheme  ezactlj  like  that 
already  given,  ria. ; 


XXX. 


InthUn 


I        1        1        i         1 

.  ,x.x„x, 


ft  —  gv  —  fw;  A  =  ew  —  gn;  t  =  fli  —  I 

The  plime  has  conseqnently  the  symbol  (811). 


ULLEB'S  ST8TEM  (O*  0BT8TALL0ORAPHT. 


408 


figiiz«  (f.  758)  i4,  8-S,  8-i,  «to.,  the  indloM,  m 

750 


For  fihe  sono  of  planes,  lettered  on  the 
■Izeadj  shown,  are  e  =  0,  f=I,  g=l) 
and  oonseqnently  the  equation  of  condi- 
tion reduces  to  A;  =  l»  and  the  general 
qrmbol  is  hkk.  This  zone  is  Bho?m  on  the 
spherical  projection,  f.  769,  and  includes 
the  planes  100  (^i),  811  (8-d),  211  (2-5), 
111  (IX  Oil  (1-i),  and  so  on. 

A  second  example  of  the  ahore  method 
is  afforded  by  the  plane  lettered  2-2  in 
f .  758.  It  lies  in  the  zone  i-l  (010)  to  1-i 
(101),  whose  indices,  uvw,  obtidned  as  be- 
fore, are,  u  =  1,  ▼  =  0,  w  =  1.  It  is  also 
in  the  zone  between  /(llO)  and  1-i  (Oil), 
whoseindices,  ei^,  are,  e  =1,  f  =  I,  g  =  1. 
Its  own  symbol  (nld)  is  deduced  as  above : 


X  V  X  X  V 

*  =  1;  k=:2;  1=1. 

The  ^n»^l  ^  consequently  (121).  The 
position  of  this  plane  is  shown  on  the 
qihencal  projection,  1  759,  as  also  that  of  the  zone  first  mentioned  above,  whose  Indices  were 
n  =  l,  ^  =  0,  w  =  l,  and  for  which  the  equation  (3)  consequently  reduces  toh  =  l;  the  gen- 
eral symbol  is  then  {hkh),  the  planes  010  ill),  121  (2-2),  111  (1),  101  (1-i),  etc.,  belong  in  this 
Bone. 

The  example  employed  here  serves  to  show  the  extensive  application  of  this  principle  of 
sones.  Supposing  that  in  this  crystal,  f.  758,  1  (110),  and  1-1  (101)  have  been  assumed  as 
fundamental  planes  in  their  respective  zones,  the  symbols  of  all  the  others  may  be  obtained  in 
this  way,  without  the  necessity  of  a  single  measurement ;  the  reflective  gonometer  would 
indicate  the  presence  of  the  few  necessary  zones  not  shown  by  the  parallel  intersections. 

Methods  of  CaUukUiaih'-Jii.  consequence  of  the  wide  application  of  this  method  of  deter- 
mining the  symbols  of  a  plane  by  the  zones  in  which  it  lies,  actual  trigonometrical  calcula- 
tions are  not  very  frequently  required.  The  methods  employed  are  idways  those  of  spherical 
trigonometry,  and  in  most  cases  no  formulas  are  needed,  the  problems  arising  requiring 
nothing  but  the  solution  of  the  triangles,  mostly  right-angled,  seen  on  the  spherical  projection. 
It  is  to  be  remembered  that  an  arc  of  a  great  circle,  between  two  poles,  shown  in  the  projec- 
tion, is  always  the  supplement  of  the  actual  interf acial  angle  between  the  planes  themselves. 

Some  of  the  more  commonly  used  formulas  for  the  solution  of  spherical  triangles,  which 
have  been  already  given  on  p.  62,  are,  for  the  sake  of  convenience,  repeated  here. 
In  right-angled  spherical  triangles  0  =  90°^  h  =  the  hypotiienuse. 


SinA  = 


GosA  = 


TanA=: 


SinA  = 


sma 


Bind 


sLu  A 

smA 

tand 
tanA 

•»      tana 

oosB  =  r — r 

tan  A 

tana 
sin  b 

tanB  =T—- 
sin  a 

oosB 

cos  b 

.    _      COS  A 

sm  B  = 

cos  a 

COS  A  = 

006  A  = 

cos  acos  b 
cotAcot  B 

In  ohUqae-aagled  spherical  triangles : 


(1)  Shi  A  :  sin  B  =  sin  a  :  shi  9; 

(2)  Cos a=:oos5oos0  +  sindsin0oo8A; 
(8)  Oct  5sin0  =  oos0CosA  +  sin  A  oot  B ; 
(4)  Cos A=  —  cosBcosC  -t-sinBsinOoaia. 


4f>i  APPENDIX. 

In  o&loiilation  it  is  often  more  oonTonient  to  use,  instead  of  the  latter  fonnubs,  those 
especially  arranged  for  logarithms,  which  will  be  found  in  any  of  the  masj  booika  deroled 
to  mathematical  formulas. 


In  addition  to  the  mere  solution  of  triangles  on  the  spherical  projection,  it  is  also 
to  connect  by  equations  the  actually  measured  angles  with  the  lengths  and  incjimitiops  of 
axes  of  the  crystals  themselves.  These  equations  are  giyen  in  oonneotion  witii  tbe  diffszeaft 
systems. 

The  following  relation  between  the  planes  in  the  same  sone  is  also  of  rery  wide  appU- 
cation : 
Let  P,  Q,  S,  R  be  the  poles  of  four  planes  in  a  zone  (f.  760),  haying  the  following  indices, 
▼iz. :  P  =  {hid),  Q  =  (pqr),  R  =  {uvw),  S  =  (xyty   The  f olowing  xelatum  maj 
760  be  deduced  between  them,  on  the  supposition  that  PQ<  PR. 


Here, 


ootP8-ootPR_  (P.Q)       (8.R) 
oot  PQ  -  cot  PR       (Q.R)  •   (P.8) ' 

(P.Q)  _  kr  —  lq _  Ip  —  hr  _hq—kp 
(Q.R)  '~  qw'-rv"  ru—pw^ pv  —  qu^ 

(S.R)  _  tiy  —  go  __  Bu  —  xw  _^gn  —yu 
(P.S)  "kz-ly'^lx-la''  hy  -  kx 


(4) 


(5) 


By  means  of  the  above  equation  it  is  possible  to  deduce  the  indices  or  angle  of  a  fourth 
plane,  when  those  of  the  three  others  are  given.  In  the  application  of  this  principle  it  is 
essential  that  the  planes  should  be  taken  in  the  proper  order,  as  shown  above :  to  aooomplish 
this  it  is  often  necessary  to  use  the  indices  and  corresponding  angles,  not  of  {hkl\  but  its 
opposite  plane  (hlcT),  eta 

In  the  orthometric  systems  this  relation  admits  of  being  much  simplified. 

If  one  of  the  above  four  planes  coincides  with  a  pinacoid  plane  (100),  (010),  or  (001),  and 
another  with  a  plane  in  a  zone  with  a  second  pinacoid  90"*  from  the  first,  ^en  the  foUowiiy 
relations  hold  good  for  two  planes  P(MO,  and  (^{pqr)  in  this  zone : 

h    tan  P  A  _  j  __  [ 
p  *  tan  QA  ""  g  ""  r ' 

h_  k    tanPB_l 
p ""  ^  '  tan  QB  ""  r' 

A_A;_i     tan  PC 
p  ""  g  ""  r  '  tan  QC* 

As  a  further  simplifioation  of  the  above  equation  for  the  case  of  a  piismatio  plane  (A£0),  oi 
a  dome  (/tO^  or  (OA:/),  between  two  pinacoid  planes  90"*  from  another,  we  have  : 

A  _  tan  (100)  (110)^  A_tan(001)(A0^)^  k  __  tan  (001)  jOkl) 

A;  ~  tan  (100)  (AAO)'  /       tan  (001)  (101) '  ;       tan  (001)  (Oil)* 

These  equations  are  the  ones  ordinarily  employed  to  determine  the  symbol  of  any  prismatic 
plane  or  dome.  It  will  be  seen  at  once  that  all  the  above  relations  for  rectangular  zones  aie 
essentially  identical  with  those  given  on  p.  59,  though  here  expressed  in  a  clearer  and  mors 
concise  form. 

ST8TEK8  OF  CnYBTALLIZATIOW. 

All  cryRtals  are  divided  into  six  classes,  according  to  the  degree  of  symmetry  which  chanc- 
terizes  them.  This  symmetry,  as  well  as  the  relations  of  the  different  planes  of  a  oiystal,  is 
shown  in  the  lengths  and  position  of  the  axes  which  are  taken  for  each.  With  reference  to 
their  axial  relations  crystals  are  divided  into  the  following  six  systems: 

I.  Inofnetric  Si/stem. — Three  equal  axes  (a,  a,  a)  at  right  angles  to  one  another. 

II.  Tetragonal  System. — Two  equal  lateral  axes  (a,  a),  and  a  third  vertioal  axis  (^)  of  on* 
equal  length ;  all  at  right  angles. 
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nL  Sexagcnal  J^fitem, — ^Three  equal  lateral  axes  (a,  a,  a)  etomdng  at  an^es  of  60%  aad  a 
fonrtli  yertieal  axis  (^)of  unequal  length,  perpendicular  to  the  plane  of  the  othera. 

IV.  OrihorhanUne  /^itetn.—Tbiee  unequal  axea  (^  h,  d)  at  right  angles  to  each  other. 

V.  MfnoeUnio  SyUem^Thxee  unequal  axes  {6,  6,  d) ;  the  angle  between  6  and  d,  and 
between  b  and  d  =  00",  but  the  angle  between  c  and  d  greater  and  less  than  90"". 

YL  TrieUme  Sifttem.—'Thiee  unequal  axes  {6,  ^,  0) ;  the  axial  angles  all  obliqua. 

I.  IsoMETBio  System. 

The  symbol  [hJd\  embraoes  all  the  forms  possible  under  each  system  in  the  most  general 
ease.  Since  in  the  Isometric  System  all  the  axes  are  of  equal  value,  it  obviously  follows 
from  the  symmetry  of  the  system  that  each  one  of  the  indices  may  be  exchanged  for  each  of 
the  othersj  so  that  the  total  number  of  planes  possible  will  be  given  by  all  the  arraugementi 
of  the  indices  ±A,  ±k^  ±(,  or  as  follows: 


hJd 

hlk 

va 

m 

Ihk 

ikk 

M 

hUc 

m 

m 

UJt 

Uch 

hJd 

m 

m 

hh 

2U 

Vch 

hkl 

m 

m 

m 

Jhk 

Vch 

hkl 

hlk 

kfd 

m 

ihk 

UA 

m 

m 

m 

m 

ihk 

Och 

hJd 

m 

m 

m 

Vih 

Vch 

hJd 

m 

ua 

m 

Jhk 

Vch 

A.  EMkedral  Farmt. 

There  are  seven  oases  possible  among  the  holohedral  forms  of  this  system,  according  to  the 
▼alues  ot  h,  k^L  These  are  shown  in  the  list  below,  to  which  are  added  the  symbok,  after 
Kaumann,  given  on  p.  14,  though,  as  already  explained,  written  in  the  inverse  order.  In  the 
most  genenl  case  [hki]*  the  form  includes  forty -eigH  similar  planes,  and  in  the  most 
spedal  case  [100],  there  are  included  nx  similar  planes. 


MiLLEB. 

1.  \iad\\ 

;  h>k>l. 

2.  \hkk\  \ 

,  h^k. 

8.  \hhk\ , 

;  h>k. 

4.  [Ill] 

;  A  =  *  =  «=:l. 

5.  [AAO] ; 

?  =  0. 

6.  [110] ; 

,  A  =  *  =  l;  1  =  0. 

7.  [100] ; 

,  A=1,*  =  Z  =  0. 

• 

Kauicank. 

a\nak\ma 

[m-n]. 

aimaima 

[m-m}. 

aiaima 

[m]. 

a:a:a 

[1]. 

ainai  coa 

[•■«]. 

a:  a:  coa 

w. 

a:  coa :  ooa 

[If]. 

The  seven  distinct  forms  corresponding  to  these  symbols  are  as  follows,  taken  in  the  same 
order  as  on  pp.  14-20,  where  the  forms  are  described : 

Cube  (f.  761).— Symbol  [100],  including  the  six  planes  (100),  (010),  (lOO),  (OlO),  (001), 
(001).     See  also  the  spherical  projection  (1  766). 

761  763  768  764  765 


[100] 


[111) 


[110] 


[100]  [111] 


[100]  [110]  [111] 


Oetahddnm  it,  763). — Sjrmbol  [111],  hiduding  the  eight  planes  taken  in  order  shown  fai 
f.  763,  (111),  (111),  (Hi),  (111),  (111),  (ill),  (III),  (lii). 

*Ih  general  the  indices  of  any  individual  plane  are  written  (AJU),  whereas  the  general 
symbol  \hki\  indicates  aU  the  planes  belonging  to  the  form,  varying  in  number  in  the  different 
systems ;  thus,  in  this  iqrstem,  [100]  is  the  general  ijmbol  for  ti^e  six  similar  planes  of  tha 
oabe. 
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Dodeoahedran  (f.  768).— Symbol  JllO],  indading  the  twelTO  planes,  (110),   (IlQ),  (IIO), 

(ilo),  (101),  (Oil),  (ioi),  (Oil),  (loi).  (Oil),  (ioi),  (Oil). 

The  relations  between  Uieee  three  forms  are  given  in  full  on  pp.  15, 16,  and  need  not  be 
kepeated.  lb  is  to  be  noticed  that  the  distance  between  two  contigooiu  poles  of  [lOOJ  and 
[110]  is  45'  (see  f.  766) ;  between  those  of  [100]  and  [111]  it  is  54°  44'  and  between  (110)  and 
(111)  it  is  85'  16'.  MozeoYer,  the  angle  between  (111)  and  (111)  is  70^  82",  and  between  (lU) 
and  (ill),  109°  28'. 

766 

wo 


[211] 


[8111 

Tetragonal  trisoctahedrtm  (1  767,  768).— Symbol  [TO^k],  with  A>*,  comprising  twenty-foot 
similar  planes. 

Trigonal  trisoctahednm  (f.  769).— Symbol  [MAr],  with  A  >  A;,  also  embracing  twenty-f oar  like 
planes. 


769 


771 


772 


[221] 


[210] 


[310] 


pai] 


Tetrahexahedrm  (f.  770. 771). — Symbol  [7ikO\  including  twenty-four  like  planes.  As  seen  on 
the  spherical  projection  (f.  766),  the  planes  of  the  form  [?ikO\  lie  in  a  sone  with  the  dodeca- 
hedral  planes,  between  two  pinacoid  planes. 

Uexoctahedron  (f.  772),  [^J.— This  is  the  most  general  form  in  the  eystem,  ixiduding  the 
forty-eight  planes  enamerated  on  p.  405.  Their  position  (A  =  3,  A;  =  2, 2  =  1)  is  shown  on 
the  spherical  projection  (f.  766). 


B.  ffemihedral  Forms. 

There  are  two  kinds  of  hemihedral  forms  observed,  as  shown  on  p.  20 :  (1)  the  hdohenn' 
fiedral,  where  half  the  quadrants  have  the  whole  number  of  planes ;  and  (2)  the  hciohetiiihedrai 
where  all  the  quadrants  have  half  the  full  number  of  planes.  The  first  kind  produces  indined 
hemihedrona,  indicated  by  the  symbol  K{hkl],  and  the  second  kind  produces parofltf  henuhe* 
drons,  indicated  by  the  symbol  tt  [A^Q.    The  resulting  forms  in  the  several  oases  are  as  follows : 


lOLLXB  B  BTBTEK  07  OKTStiii/XlBArBT. 


(t.  in}  faudnaes  the  fonr  pluiea  (til),  (!!l),  (III),  (.III), 
inchtdes  the  plwua  (111),  (ill),  (111),  (III). 
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Btm-truoetahtdrmu — The  ijmbol  k[MJc\  denotea  the  aolid  showii  In  t  775,  and  ([AAA] 
Uie  solid  shown  in  f.  778.  ThB7  aie  the  hemihednl  forma  ot  the  tetragonal  nnd  trigonal 
trisoctaiiedtoiia  respectively. 

Eemi'hexecla/wdron. — The  same  kind  of  hemihedtism  qiplied  to  the  hexootabedron  pro* 
duces  the  form  shown  in  (.  777,  hAvinfi  the  genera]  aymbol  kIAjU]. 

Inclined  hemihedriBni  as  applied  to  the  three  other  solids  of  this  FTStem  produces  forma 
in  no  way  different,  in  outward  appearanoe,  from  the  holohedral  forms. 

Faballel  HBMIHBDItiau  produces  distinct,  independent,  forma  onl^  in  the  oase  of  Uia 
tetrahexahedroD  and  the  hexootafaedron.  ThesTmbolof  the  formaria  <r[AitD],  and  of  the 
latter,  "{Utll ;  thej  are  ibown  in  t.  778-782. 


ir[1301  -1810]  [100] 

a  are  potMible  in  this  STstem,  but  thej  a 


MatAtittaticiil  Stlatiimi  eftA«  Hamttrio  Bytttm. 

(1)  The  distance  of  tlie  pote  of  anj  plane  P(AJU}  from  tlie  cnbio(orpinM»id)planea{aglTe]i 
b;  the  following  equations.  These  are  derived  from  equation  (3),  p.  401.  Hera  PX(  =  FA) 
is  the  disbuioe  between  (hkt)  and  (100)  ■  FT(=PB)  is  the  distanoe  between  (JiH)  and  (010); 
and  FZ(=FG)  that  between  {Md)  and  (001). 

The  foUowii^  equations  admit  of  much  simplification  In  special  cases,  for  (&U)),  (AAA),  etc. 


00B<  FA  =  ,- 


» 


corf  PB  =  .^ 


i'PO  =  i, 


"  ^/(hf+}|f  +  P)(p<^.^  +  ^)• 
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For  the  bemihedral  fofm  (1 775),  oos  B  = 


V  +  2*«' 


{b)  Trigonal  tri8ootahadron,--The  angles  A  and  0  are,  as  before,  the  wappLunaat^  of  the 

mterfacial  angles  of  the  edges  lettered  as  in  f.  769. 

For  the  bemihedral  form  (f.  776),  oos  B  =  ^v, — v, . 
Tetrahexahedron  (f.  770), 

For  the  bemihedral  form  (t  778),  oos  A'  =  ^'""f*  .  oos  0'  =     ** 


Hexoctahedron  (t  772). 

008  A  =  , .  -  , .  .  ^ :  oos  B  =  r= — =-r — —\  ooe  0  =  ^z — =1^ — =• 

For  the  bemihedral  form  K[hkX\  (f.  777),  oos  B'  =  ^^llI^^L. 

For  ^[A«].  oos  A  =;^.^;fc,^y;  cos  0  =»^^^p. 

For  planes  lying  in  the  same  zone  the  methods  of  calculation  given  on  p.  403  and  p.  404 
are  made  use  of.  In  many  cases,  however,  the  simplest  method  of  solution  of  a  given  prob* 
lem  is  by  means  of  the  spherical  triangles  on  the  projection  (f.  766). 

IL  Tetragonal  Stbtem. 

In  the  Tetragonal  System,  since  the  vertical  axis  6  has  a  different  length  from  the  two 
equal  lateral  axes,  the  index  2,  referring  to  it,  is  never  exchangeable  for  the  other  indices,  A  and  ib. 
The  general  form  [hki\  consequently  embraces  all  the  planes  which  have  as  their  symbols 
the  different  arrangements  of  ±A,  dbA;,  ±1^  in  which  I  always  holds  the  last  place.  We 
thus  obtain : 


Md 

m 

m 

hJd 

khi 

m 

m 

khl 

hJd 

m 

hki 

m 

M 

m 

w 

M 

A  HcHohedral  Forms. 

According  to  the  values  of  A,  A;,  and  I  in  this  general  form  (A  =  0,  X;  ==  A,  etc.)f  different 
cases  may  arise.  By  this  means  we  obtain  a  list  of  all  the  possible  distinct  bolobedral  forms 
in  this  system.     They  are  analogous  to  those  of  the  Isometric  System. 


MiLLBB. 

Naumani 

r. 

1.  [hkl\ ; 

h>k. 

a  inaimc 

[m-n] 

2.  [hhl]  ; 

A  =  A;. 

a  I  aimo 

Im]. 

8.  [AOil  ; 

,  A  or  A;  =  0. 

a  :  Qoa  :  mo 

[m-*]. 

4.  [//A-0] 

;  A>A;,  Z  =  0. 

a  :  na  :  coo 

[^»J« 

5.  [110] 

;  A  =  A;  =  l,i  =  a 

a  :  a  :  ooe 

[/]. 

6.  [lOOj  ■ 

,  A;  =  0,  ;  =  0. 

a  :  Qoa  :  000 

[*-»l. 

7.  [001] 

;  A  =  A;  =  0. 

coa  :  Qoa  :  e 

[01. 

wllkb'b  btbteu  or  gbtstallookivht. 
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The  tonot  answering  to  theae  genenl  ^mboU  (oompore  f.  790)  tie  u  fnllowi : 

Batal  jianet.— Symbol  [001],  inolnding  the  iilaaes  (001)  and  (OOl), 

Prunu.—(a)  Diametral  priun,  or  that  ot  the  tteond  teritt  (1  788).  STinbol  [100],  In 
dnding  the  fonr  pUnes  (100),  (010),  (iOO),  (OlO), 

(6)  Unit  pium,  or  pngm  of  the  jlrrt  mtmj  (f.T84).— Sriabol  [110],  embtaoiiur  tba  foni 
plane*  (110).  (110),  (110),  (lIO).     The  relaUon  of  tliese  two  prijsms  is  aliown  on  p.  26. 

(o)  Oelaganal  priaai  {I.  785).-SjmboI  [UO],  inoloding  tlie eight  plauea (AM),  (itAO),  (iMO), 
Ihm,  (AKi),  (MO),  (MO),  (UO). 

OetaMdront  OT  I^fraTTudM.—'Fhete  are  twoaeriea  of  octahedral  planes,  aorreapondliur  to  the 
two  aqnare  prismi.  (a)  Oot«hednnu  of  the  leamd,  or  diametral  Beriea.  Symbol  [SOf],  in> 
olnding  eight  dmilar  plane*.     The  form  [101]  i«  ahown  In  (.  786. 

(ft)  Octahedrons  of  the  JInf,  or  unU  series. — Symbol  [hkl],  embraoing  eight  dmilar  ^ane& 
Tbs  tona  [UI]  ia  aliown  in  L  767. 


784 


786 


787 


,^ 

n 

\          ^>v° 

I 

/  \ 

4 

•)/\ 

\ 

7f 

Tx/ 

X 

A 

ry^ 

The  relations  of  the  various  tetragonal  forma  will  be  ondeiatood  bj  leferenoe  tc 
■howing  the  projection  for  the  oiTatal  repreaented  In  t.  789. 

B.  Stmhedna  Pomu.  ^ 

Anonff  the  bemihedral  forma  there  are  to  be  dlstingnlthed  three  claseea, 
us  shown  on  p.  28  «I  ug.  l.  Sphenoidal  hemihedrons,  oorrB«ponding  to  the 
t"»Man*J  hemihedrons  of  the  isometrlo  ^stem.  They  are  Indicated  by  the 
symbol  "■['"'I-     Thespheaoid  nillli««h'>wnint  761.       ,,.,,,,        . 

3  Puramidai  hemihedrons,  that  is,  those  which  are  hemiholohedrai,  and 
TertioaUy  direct.      These  are  indicated  by  the  symbol  «[AAi]. 

S.  Tit^iexnidal  heiiihedcoaB,  hemiholohedral  like  thoie  jost  menaoned, 
bnt  TertdoaUy  alternate.     They  have  the  ay^bol  "'[A*!!. 


IfoAmaUeal  Sttatieni  of  m  Tttraffowil  Bgittm. 


Thasa  nuij  alao  be  expresaed  in  the  tonn : 


(S)  For  the  dJatanoe  between  the  poles  of  an^  two  plenee  [AiU)i  (M^<  wehaveiiigeoenl: 

The  aboTe  eqli&tioiu  take  a  liiDpler  form  for  tipecuil  caaea  often  ooduriiig'. 

(8)  PlaiiM  in  l/u  tamt  toot. — For  the  genertJ  case  of  planaa  OUd)  uid  {pqr)  tiie  le- 
lataon  gi\ea  in  equation  4  (p.  404)  ia  made  nae  of.  In  the  apeoial  eaaaa,  pnctaoaUj  d  1^ 
moat  Importanoe,  where  the  planea  lie  in  a  aone  with  a  pinacoid  plane,  the  aimplifled  facuDlM 
are  employed. 

Fox  the  octagonal  piiam  this  relation  becomes; 

tan  (100)  (AM)  =  cot  (010)  {MiO)  =  ~. 


icoaPA  =  -j^ooaPC,  (a  =  l). 
For  an  octahedron  (htH)  in  the  diametral  aeries,  we  have : 


tan  (AM)  (001)  = 


(■ 


for  the  unit  octahedion  (111),  we  have: 

tan(ni)(001].ooB49°  =  iL 


nL  Hexaoonal  Stbtem. 


The  Hex^onal  System  and  its  hemihedral,  or  rhombobedral.  divinon  are  both  iodnded  t^ 
lliller  in  his  OnoMBoHEDltAL  Svbteu  (see  p.  430|.  All  hexagonal  and  ihombohedral  fonna 
are  referred  b;  him  to  three  equal  axea,  oblique  to  one  another,  and  normal  to  the  face*  of 
the  unit  ihorabohedron.  This  method  baa  the  great  dieadTantage  of  failinB  to  exhibit  the 
hexagonal  symmetry  exiatinfr  in  the  holohedral  forma,  sinoe  in  this  way  the  similar  planes  of  a 
hexagonal  pyramid  receive  two  different  seta  of  symbols,  having  no  apparent  connection  with 
•■oh  other.  It,  moreover,  hides  the  relation  between  this  system  and  the  tetragr<nal  sjstem, 
which,  optjo^y.  are  Identical,  since  tbey  pceaen  alike  one  axis  of  optical  symmetry. 

The  latter  difflonlty  waa  avoided  by  Scbrauf,  who  introduced  the  Ortdohexaoomai.  Stb- 
VZM.  In  thia  tlM  optical  axis  was  made  the  crystallographical  vertical  axis,  aad  oUierwiie 
two  lateral  hxch,  at  Tightniijlea  to  each  other,  were  assnmed,  a  and  a  VS.  This  method,  how- 
>vcrcomc  the  other  objection  named  above. 

d  of  Weiae  nod  Manmann  a  vertical  axis,  coinciding  with  the  optical  axis,  waa 
«  lateral  oxu  In  a  plane  at  right  angles  to  it,  tbey  interoecting  at  angiee  of 
g  to  th?  iilanea  of  symmetry  in  the  holobedral  formg  (iee  p.  420).  £i  thit 
ft  symmetry  at  the  hexagonal  forms  be  cleariy  brought  oat,  and  at  tha  aama 


wllxb's  bt^ibm  or  obtstalloosafht. 
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Ute  lelaljoti  between  the  hexagonal  and  tetragonal  ejabemi  exhibited.  Itooentlj  Qioth 
.  Hin.  Hittb.,  1S74,  238,  Mid  Phy*.  KryaL,  1876,  p.  2a2)  haa  diown  that  the  oomplet« 
]la  ol  Waias  and  Nannuuio  ooold  be  tranalated  into  a  redpiooal,  integral  form  altar 
laonet  of  Uillei.  The  BTmbola  thsn  obtained,  as  waa  alto  ^own,  admit  of  a  like  oon< 
at  nee  io  oalooIaUon.  EseenCiallj  the  ume  method  waa  propoaed  in  1806  b7  BnTais, 
ia  ■nggestioD  ia  followed  bece ;  the  more  important  eqnationa,  ezpisaaing  Hie  relAtlona 
len  the  poles  of  the  planea.  t^eir  indioei,  and  tiie  axes  of  tiie  oiystal  aie  alao  added, 
are  given  (omewbat  in  detail,  since  thenars  not  inoluded  in  anj  of  the  works  on  Uiller'a 
m  before  referred  to. 

hexagonal  forma  are  referred  to  a  vertical  axis,  c,  and  three  eqnal  lateral  axea  la  a 

at  right  angles  to  it,  interaecting  at  angles  of  B0° 

SO"  {I.  793).     The  general  symbol  for  a  pUne  in  thia  793 

n  la  Ihkli),  where  it  is  alva^s  true  that  the  a)ge- 

rom  of  A,  it,  1  ia  aero,  that  ia.  h  +  k  +  1  =  0.     The 

»  here  ace  the  leoiprooals  of  those  of  Naumann, 

t  'Uiat  the  index  I  haa  the  opposite  cngn,  and  the 

of  two  of  the  indioea  ia  iaverted.     According  to 
he  geneial  mrmbol  of  anj  plane  ia  ffl-n  {=mPn), 


ton. 


n-1 


TbDS  the  plane  S-J  (3P}) 


O  obUlge  tho  fclmniit  IUll« 


he  full  qrmbol,  ia  :  a :  ia  :  Bi,  or  to  oorreepond 
lis  other  iTmbola  it  moat  be  mitten,  8a  :  ia;a  -.Sc. 
eoipTOcals  of  the  latter  indices  are  ^  ^  }  :  1  :  |,  or, 
ed  to  integers  land  oh  an  gin  g  the  sign  of  t]  (1331], 
1  ia  the  ^mbol  aocordiug  to  the  plan  here  fol- 
L      Similarij  the  plane  (.2243)  gives,  on  taking  the 
iicala,^  ;  ^  :  Jd  :  ^  which  ia  equivalent  to  2ii  :2a 
is,  or  in  Nanmann's  abbreviated  foim  }'2(=JF3). 
■  Ote  greas  advantage  of  tUa  metiiod  that  it  makes  it  possiblf 
I7  adopted  sTmbols  of   Weiti  and 
lonn  into  a  form  which  allow  of  all 
■"^i"""  of  colcaJatioa  and  the  appli- 
1  to  the  spherical  projection  which 
le  <^aiaoteristic8  of  Miller's  System. 
caloDlations,  both  by  lone  equations 
ther  methods,  only  two  of  the  iodioea 
or  (  of  the   form  ihtU)   need  be 
lyed,  with  the  remaining  index  i  (re- 
g  to  the  Tertioal  axis).     This  is  ob- 
ly  true,  sinoe  the  three  indices  named 
Nmected  by  the  equation  h  +  k  +  I 
Disregarding,  then,  in  calcnlaticai 
kird  index  I,  as  abowii  beyond,  the 
I  ar*  referrod  to  two  aqual  lateral 

intersecting  at  on  angle  of  120°, 

third  Tertical  axia  i. 
I  symbol   (Ail'l    in  ite  more  gen- 
[otm  embraces  twenty- fonr  planes, 

evident  from  an  inspection  of  the 
ioal  projection,  f.  793.  Here  A,  k,  I 
'.  eqoal  valae  and  mutnally  eichange- 
with  the  condition,  however,  that 

aJgebraio  sum  shall  always   equal 
Ot  the  twenty-toor  planes  of  the 
agooMi  pyramid,  the  following  are  those  of  the  npper  qnadianta  mmtjooed  in  oidw 
left  to  right  around  the  <aide{t  793).    Thoee  below liave  the  Bamanymbala,  ezoept  that 
dex  I  in  eaota  ooae  ia  minus : 


/^ 

c^ 

~~^ 

J! 

"•^C" 

\^ 

// 

au  N. 

l"!^'^ 

C^S^ 

*<^\ 

\2^"-~p 

a-^^*flf 

"\n. 

r/ " 

^ 

y.m 

^ 

k 

)  poadbls,  eaoh  one  giving  liM 


BBATAia-lIn.ua. 


[MB] 

^:n«:«:«M 

[m*l 

hA2h2i\ 
Olll]  1 

*  =  A.-.  (  =  M 

*  =  0.-.J  =  * 

A  =  1,*  =  0.-.  J  =  l 

'^ 

[AJt»l; 

i  =  0 

■^a:na:a:tDC 

[(«i 

3i 

i  =  Q,h  =  k  =  l.:t=9 
i  =  0,i  =  0,Ai=l.-.J=l 
A  =  *  =  J^O. 

2a:2a    aia,e 
a>a:a:a:a>c 

f 

A.  SetOtdnt  Hbrmt. 

rh«  forma  to  whu^  Aeae  ijmboU  beloDg  htkT«  been  alnadj  mentioned  on  pp.  SS-SL 
The;  ma;  be  biiefl;  reoapitolated  bera.  Tbey  an  taken  In  Uie  nroias  oider  from  (bat  gin> 
In  the  table. 

Satal  plana.— Sjm\xA  (ODOl)  and  (OOOl). 

iViinTW.— (al  The  untt  prum  (/).  Qeneral  ^jiabol  [OlTO],  inolnding  (ai^e  f.  793, 7M)  thi 
dx  planes  with  the  followmg  E;nibola:    (OlIO),  (llW),  (lOlO),  (OIlO),  (llOO),  (lOlO). 

(b)  The  diagon/U  pium  (i-2).  Qeneral  STmbol  [Il30],  inolDdins  (L  798,  796)  the  follo«- 
ingsix  planes :  (1120),  (1210),  (£110),  (1120),  [l3ll)),  (2ll0). 

(e)  The  diheieagtmal  prism  (vn).  General  tTmbol  [AIM],  embracing  the  following  tweln 
planes  mentioned  in  order : 

(Ai»),  {hiiO),  (MO),  (HJiO),  (SiAO),  cH»),  (4ER)),  (AOO),  (Jtao),  (ttM),  ?W0),  (bUDV 

Hexagonal  piframid*,  or  QiutrUoidt. — (a)  TbepTiamids  ol  tbejlntarundji 

v-i   ini.JU]  embracing  ' — '--  -— " ' '"  **■ '■'-  -•  *■■"  - 

en  the  unit  pr 
=  1.    The  plan 


<l  " 

r 

'^■■K'l 


[PlIO] 


[iiao] 


mm 


lAASj 


(()  Pyiamida  ot  the  teeond,  or  diagonat  teriet.  Qenetal  Bpnbol  [AA  ZhH] ,  inclnding  twelre 
pkoM,  analogcnu  to  thoM  of  the  pyramid  nnit  aeries.  All  the  pTramids  ol  thia  aeries  lie  in 
•  aone  betireei)  the  diapmal  priam,  wboae  general  ^i>ib<d  ie  [ll£0]>  and  (he  basal  idsoe 
[OOOX]. 

TiBtlw-tided  pgramid*,  or  BeryUoidt  (L  SOT).— General  sjmbol  [nka[,  indading  the  twenQ- 
font  planea  ennmeiated  on  p.  411. 


*  Thaocdat  of  Uw  tanniiiiUie«7mbolsbelowIainade  toooneemond  toUtatof  Uie  indioH 
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800 


B.  SanPiedral  Forms, 

The  most  imi>ortant  of  the  hemihedxal  f oxmB  in  this  STstem  are  as  follows : 

1.  Ptramidal  hemihedrism. — This  comes  under  the  head  of  holohemihedral  forms,  which 
are  yertically  direct  (see  pp.  84,  85).  It  is  indicated  like 
the  corresponding  hemihedrism  in  the  tetragonal  system 
w[hkl%\.     It  is  common  on  apatite. 

2.  Rhombohedral  hemihedrism. — These  included 
here  are  hemiholohedral,  and  vertioally  alternate.  They 
are  indicated  in  general  by  it[hkl{].  This  class  is  import- 
ant, since  it  embraces  the  Hhombohbdral  Diyision. 

(a)  Rhombohidroni.  Symbol  ir[0^f];  the  unit,  or 
fundamental  rhombohedron  (+i2,  f*  798)  has  the  symbol 
ff[0111],  mcludlng  the  six  planes:  (Olll),  (1011), 
(1101),  (lOlI),  (1101),  (OllI).  The  negative  rhombohe- 
dron {—R,  f.  799)  includes  the  planes:  (1101),  (OUl), 

(loii),  (Oiii),  (ioii),  dioi). 

{b)  ScfdmohedroM  (t  800).     Symbol  nlhJcH]. 

8.  Gtroidal,  or  trapesohedzal  hemihedrism. — The 
forms  here  included  are  holohemihedral,  and  yertically 
alternate.    They  are  indicated  by  K'\hkU]  ,  see  p.  89. 

4.  Tetratohbdribm. — This  may  be  (1)  rhombohedral^ 
indicated  by  Kw{?ikH\ ;  or  (2)  trapaohedrcU  (gyroidal),  as  common  on  quarts,  haying  the  gen< 
end  qrmbol  im'lhkH], 


799 


Mathematical  Eelationt  of  the  Hexagonal  Bystem. 

In  the  Hexagonal  System,  as  has  been  explained,  the  symbol  in  general  has  the  form 
[hicl€\,  where  the  algebraic  sum  of  A,  A,  and  {  is  zero.  This  general  symbol  has  four  in- 
dices, referring  respectively  to  the  three  equal  lateral  axes  and  the  verucal  axis,  as  shown 
in  1  792,  thus  showing  the  fundamental  heseagonal  symmetry  of  the  forms.  Since,  however, 
the  position  of  a  plane  is  known  by  its  intersection  with  three  axes  alone,  two  of  the  tiiree 
indices  h,  k^  I  are  all  that  are  needed  in  calculation,  the  third,  2,  being  a  function,  as  given 
above,  of  h  and  k.  The  mathematical  relations  of  the  planes  in  this  system  are  brought  out  by 
referring  them  to  three  axes,  viz.,  two  equal  lateral  axes  ffy  JT,  (=  a  =  1)  oblique  (120''  and 
60")  to  one  another,  and  a  third  axis  {i)  of  unequal  length  perpendicular  to  their  plane. 

Tins  applies  also  to  the  <M^culation  by  zonal  equations.  The  indices  (u,  v,  w)  of  the  aone 
In  which  the  planes  (hJdi)y  (pqrt)  lie,  are  given  by  the  scheme : 

h       k       i       h       k 

XXX 

p        q       t       p        q 

ii  =  JW  — ^     T=iip  —  ht  'w  =  hq~'kp. 

(1)  The  distances  (see  f .  798)  of  the  pole  of  any  plane  {hid^  from  the  poles  of  the  planet 
(lOlO),  (0110),  (IlOO),  and  (0001)  are  given  by  the  following  equations: 

00.  PA  =  00.  m)  (lOiO)  =  ^g,-p^±5- 


Uty 


00.  PB = 00.  («K)  (otio) = ^8<'+^y.r»-Hjte)- 

oo.PM  =  oo.(M«)(I100)=  ^sf  +  JS'+^i'  +  W 
PO=oo.(*«0{0001)=  ^8^^4^;/i.fuJU>- 
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(2)  The  distance  (PQ)  between  the  poles  of  any  two  planes  {hktS)  and  ipgrt)  is  giyen  bj  th» 
equation : 

ooaPQ=      8rt  +  2c*{hq-i-pk  -h  g^  +  2Jfcy) 

^       \/[8f«  +  ^*{h*  +  *•  +  **)]  [8e«  +  4c»(p«  +  y«  +  PI7)]- 

(8)  For  special  cases  the  above  f onnnla  becomes  simplified ;  it  serves  to  giire  the  faloA  ot 
the  normal  angles  for  the  several  forms  in  the  qrstem.     Thej  are  as  follows : 

(a)  Hexagonal  Pyramid  [OAAt],  f.  796, 

cos  X  (terminal)  =  3jj-j-^^ ;  cos  Z  (basal)  =  jj5-^^ 

For  the  hexagonal  pvnunuls  of  the  seoond  aeries  rO%2)S2»']  the  aiu^  h»Te  the  imm  valoe. 

(b)  Dihexagonal  Pyramid  [likli], 


ooaZ(8ee 


*•'"'-  8i»  +  «•(*«  +  *•  +  **)• 


ooe  X  (aee  f .  787)  _  g,-.  +  4a«(A»  +  *»  +  A*) " 

an.  Z  n»«d^        _4i'(A'+y  +  &fc)-8<' 
oo«z.(Daaai;        _^j______^ 

(e)  Dihexagonal  Pziaiii  [U)0], 

00.  T  (diagenal)  =  IJ^^lF^- 
(d)  Bhombohedron  ff[0^^, 

cos  X  (terminal)  =  3-^,-p^^^ 

(tf)  Scalenohedron  K[hkU], 

cosX (see f.  800)  =  -^^.-^^^^^-—-^ 

coflYfDCof.BOO)-^^''-^^(^*'  +  ^-:^'> 
cosY(seef.8W)-  g.-i  +  4^»(;ii  +  ^  ^  j^.^  • 

^-^.       «         _  2c*(A«  +  A;*  4- 4AA;)  -  8t-» 
cos  /.^oasai;         -.  8f*  +  4(J^(V  H-  ifc«  +  AA:)' 

(4)  HelationB  of  planes  in  a  sone. — The  general  equation  (8,  p.  404)  is  to  be  employed. 
For  the  pyramidal  sones  passing  through  the  pole  (0001)  it  takes  a  simpler  form,  vis. : 

*-*— 1     tanPO 
p  ^  g  ^  t  '  tan  QO* 
If  Q  =  (Olll),  then : 

tanPO^ 
tan  QO  ""  »  • 

Determination  of  the  axis  d^— The  value  of  i  may  be  determined  from  any  one  of  Iha 
equations  which  have  been  given.    The  following  are  simple  cases : 

tan  {hh  ah  2t)  (0001)  =  ^. 
Also  tan  (/Mi)  (0001) .  sin  aO**  =  ^,  or  tan  (Olll)  (0001) .  sin  60*  s  A. 


iolleb'b  bystbbc  of  grtstallogbapht. 
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IV.  Obthobhombio   Ststkic. 

Tha  Qrthorhombio  Syslem  in  oharaoterized  1^  three  unequal  reotang^alar  axes,  ^,  5,  dL* 
The  indices  h,  k,  I  may  be  either  plus  or  minus,  in  the  general  form  [hkl\,  bat  thej  are  not 
exchangeable,  since  they  refer  to  axes  of  different  lengths.  This  general  symbol  then  embracer 
the  following  planes : 


s 


{hkr^ 


As  different  Tslnes  are  given  to  A,  ik,  I,  this  general  form  becomes  more  or  less  specialised. 
The  possible  forms  are  as  follows : 


1.  Um 

[[hhi 

a.    [Oki 

&    [m 

([kM 

4.  i[hkO 
I  [110 

5.  [010 

6.  [100 

7.  [001 


h>k. 
h>k. 
h  =  k. 

*  =  0. 
h  =  0. 
I=z0,h>k. 
I=i0,h>k. 
A  =  A;r=l,I 
A  =  J  =  0. 

*  =  /  =  0. 
h  =  k=:0. 


=  0. 


nS:  dimS 

[m-n] 

hindinU 

[m-n] 

h  :  dinU 

[m]. 

oo5  :  d:m6 

[m-i]. 

h  :  Qod  :  mc 

[m-q. 

hid:  coc 

[i-n]. 

I  :nd:  wh 

[i-n]. 

lindi  Qo6 

[/]. 

oo5  :  d  :  00^ 

[t-i]. 

I :  cod  :  Qo6 

[*-q. 

coh  :  cod  :  6 

10]. 

These  symbols  belong  to  the  yarions  distinct  forms  of  this  flystem,  as  follows : 

iYnoooufo.-K^)  Basal  plane.  Symbol  [001],  including  the  two  planes  (001)  and  (OOT).  {b) 
Maeropinaooid,  Symbol  [010] ,  including  the  plane  (010),  and  (OlO)  opposite  to  it.  {e)  Braeky* 
frinacM.    Symbol  [100],  induding  the  planes  (100)  and  (100). 

PrfciiM.— (a)  Unit  prism  (/).  Symbol  110,  including  four  planes,  (110),  (IlO),  (HO),  (lIOX 
{b)  Macrodiagonal  and  braohydietgonal 
prisms,  having  respectively  the  symbols 
[khO]  and  [hkO],  if  A  is  greater  than  A;. 
Thus  the  symbol  »-2  corresponds  to  [120], 
andf-Sto[210]. 

J}ome8.'--{a)  MacrodiagonaL  or  maero- 
dames^  having  the  symbol  [Okl] ;  and  ifi) 
braohydiagonal,  or  braehydamea,  with  the 
symbol  [AOQ.  In  each  case  tiie  symbol 
embraces  four  similar  planes. 

OetahedroM  or  Pyramids. — The  symbol 
[M]  belongs  to  the  eight  planes  of  the 
unit  pyramids,  all  lying  in  the  zone 
between  the  unit  prism  [110],  and  the 
base  [001].  If  A  =:Uhe  form  is  then  [HI] 
and  the  eight  planes  are :    (111),  (lll)i 

(ill),  (111),  (HI),  (ill),  (iii),  (111). 

Of  tiie  general  pyramids  two  cases  are 
possible,  either  [kill  or  [hk{\,  when  h>k, 
these  correspond  respectively  to  the  prisms 
[kkn  and  [hkO].  They  are  the  macrodi- 
agonal  and  brachvdiagonal  pyramids  of 
^lunann ;  thus  2-2  (=  2^  :  <l :  Sc)  is  [121], 
aooordingto  Miller,  and  2-2  (=  5  :  2d  :  2c)  is  [311]. 

*  The  same  lettering  is  employed  here  as  in  the  early  part  of  this  work ;  it  differs  from  that 
of  miler  in  that  with  him  a  is  the  macrodiagtmal,  and  b  the  braehydiagtmal  axis.  Following 
the  method  of  the  other  systems,  the  maoropinacoid  should  have  the  symbol  (100),  and  the 
Imiohypinaooid  (010),  like  the  clinopinacoid  of  the  Monodinio  System.  It  is  considered  best 
«t  present,  however,  to  follow  Miller,  as  his  notation  is  nearly  universally  accepted.  This, 
however,  makes  it  necessary  to  write  the  formulas  after  Naumann,  b  :  na  :  me^  etc.,  thus 
showing  that  the  letter  h  refers  to  the  axis  ft,  contrary  to  the  usage  in  the  other  systems.  It 
is  to  be  noticed  also  that  the  front  plane,  as  the  crystals  are  usually  drawn,  is  (010).  This  is, 
to  be  sure,  always  the  case  with  Miller,  but  other  authorities  inoke  the  same  plane  in  the 
monodinic  and  tridinic  systems  (100),  so  that  entire  uniformity  is  in  no  case  possible. 
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For  the  figfores  of  the  aboye-mentioned  forma  see  pp.  42-44.  Their  xeUtiofiui  will  be  vnte 
stood  from  an  examination  of  f.  801,  showing  the  projeotioa  of  the  orystal  in  t,  758,  p.  402. 
It  will  be  seen  that  all  the  macrodiagonal  planes  lie  between  the  sonal  circles  (^ameten) 
(110)  (001),  and  (010)  (001),  and  the  braohjdiagonal  planes  between  (110)  (001)  and  (100)  (001). 

Mathematieal  Hdatumt  of  the  Ortharhambio  Syttem. 

(1)  For  the  distance  between  the  pole  of  any  plane  P(AJU)  and  the  pinaooid  jdanai  wo  han 
in  general: 

CO.'  PA  =  COB  {m  (100)  =  AW+^^^  +  Pa't* 
oo.'  PB  =  00.  m  (010)  =  y^.,.+*^C  +  W»' 

008'  PO  =  oo.(A«)  (001)  =  yaV  +  y W  +  Pd'i* 

7ia  ho 

Furthermore :  cot  PX  =  -r-r  cos  PXY   =  -77-  cos  FXZ. 

to)  to 

(2)  For  the  distance  (PQ)  between  the  poles  of  any  two  planes  {hkt)  and  {p^ : 

oosPQ=  ;»aV  +  AyW  +  fiYi^y 

(3)  For  planes  lying  in  a  zone,  the  general  relation  (p.  404)  is  to  be  emplojed.    For  tin 
cases,  practic^y  of  moat  importance,  the  simplified  equations  which  f<^ow  m  iMsd. 

(4)  To  detennine  the  lengths  of  tSie  axes,  the  general  equation  may  be  employed: 

I  d  i 

-r  008  PA  =  -7-  COS  PB  =  -7-  COS  PC. 
h  k  I 

Here  PA,  PB,  PO  are  the  distances  from  the  pole  of  any  plane  (AAi)  to  the  pinacoid  plasfli 
(100),  (010),  (001)  respectively.    The  brachydiagonal  axis,  J,  is  made  the  nnit. 

If  the  «ngle  between  any  dome  or  prLnn  and  the  adjoining  pinacoid  plane  is  giTen,  the  vdar 
tions  follow  immediately : 

Ik 
tan  PA  =  tan  iJM)  (100)  =  -^ 

ah 

tan  PB  =  tan  (0«)  (010)  =  ^ 

ih 
twi  PO  =  tan  (AW)  (001)  =  -^ 


V.   MONOCLTNIC  ST8TKM.  / 

hk  the  Monoolinio  System  there  are  three  unequal  axes,  and  one  of  these  makes  an  obUqiu 

angle  with  a  second.     The  axes  are  lettered  as  shown  in  f .  809, 
gQ2  ^  ^  vertical,  h  the  orthodiagonal  axis,  and  d  the  clinodiagoDal 

^^  axis  oblique  to  c,  but  at  right  angles  to  b.     The  symbol  \}Ud\ 

embraces  only  four  similar  planes  in  the  most  general  case,  for 
in  oonsequence  of  the  obliquity  of  one  of  the  axes,  tho  qumlcanti 
above  in  firont  correspond  alone  to  those  below  and  behind,  and 
those  above  behind  correspond  to  those  below  in  front.  This  ii 
seen  olevrly  in  the  projection  of  f.  803.  For  ±h,  ±k^  ±1  Iht 
symbol  \hld\  includes  two  distinct  forms,  via. : 

(1)       ifOd)  (AJEO  ($Jct)  (fJtT\ 

and     (2)      {JJ(^  (Ai»)  QOct)  ihJd, 

The  TaEioiis  forma  axe  as  follows: 


lOLLEB'a  SXerrXH  or  OSy&TALLOOaAPHT. 


/VfNM.— (a)  Unit  ptiHm  [110],  =  A  :  b  :  tcHD  otNanmBaa.  ThisBjmMl  embnueafmix 
dmHAT  priiouitio  planes,  {b)  Oithodiagonal  prisms  [AM),  vharo  h  >  t.  the  polen  of  tiiesa 
prisma  IFkU  od  the  prismalJoEomtlftirole between  lOOand  110  (ie«  f.  803).  Tbey  cDnespond 
to  the  priimH  I'-n  {=  d  :  tJi  :  aa c)  ot  Naumann.  (c)  Clinodiagoiial  piiBms,  Symbol  [MO], 
h  >  k,  l;mg  between  (110)  and  (010).     They  corratipond  io  i-ii  {=  nd:  b  :  us/)  of  Naumuin. 

iWxt.— <a)  Hemi.orthodomei,  iiiolndin^  two  cases,  (101)  and  (101),  the  rnimii  domes  of 
Kallmann  (oppoeile  the  obtnse  angle)  ;  and  also  (101)  and  (lOl)),  the  plus  domes  of  Naumann 
(oppomt«  the  acute  angle  $},  {b)  CUaodomaa.  Symbol  [Oil],  embraoing  four  similai  planea 
(Oif]  (08),  mi}.  (0£I).  The  ollQOdome  [Oil],  equivalent  to  1.1  {i=-x,d  -.b-.mf^w  one  oaae 
In  tiuB  form. 

Pyramid:  —  The  pyramida  are  all  beml-pyiamids.  (a]  The  symbol  [HM]  includes  the  unit 
Ryramids  in  a  mne  between  [110]  and  [001].  (6)  The  symbol  [tM]  includea  two  seta  of  heml- 
pyiamJdB,  whose  indices  have  been  giren  on  p.  416,  oorreapondiug  respectiTely  to  ~P  and 
H-  P  of  Nanmann. 

If  A  is  greater  than  ft  these  are  ortkodiagonti  pyramids,  corresponding  to  ±  [d  ;  n6  :  oo  e)  of 
Naumann.  The  symbol  [<tU]  on  the  same  nippo«ition  inclndes  two  sete  of  planes,  like  tliOM 
of  p.  416,  and  differing  only  in  being  lUnocUagonai ;  eqaivolent  to  {nd  :  A  :  ao  el  of  Nanmann. 

The  oithodiagonal  planes  lie  between  the  Eone  (100),  (001)  and  (110),  (001),  whUe  the  olino- 
diagonal  are  between  the  latter  aone  and  (010)  (001),  a*  is  seen  on  t.  603,  which  give*  tbo 
^ojeotion  tot  t.  804. 


Jfathematieal  Btiationt  for  tht  ManodhUe  BytUni. 


hbe  +  laicoafi 

«» Pi = 00.  («o  (100)  °  va.^  ^  f..^  ^.  j-rngtr-^  M.fo «.  i  ■• 


OOB  PB  =  CO*  (A«)  (010)  = 


■^h'iV  +  eaV  sin'  fl  +  Pa'l^'+  aWa^'c 


v'A'i'0'  +  Va'if  Bin'  0  -f  Pa'V  +  iAIai'c  oo*0 ' 
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(2)  The  distanoe  between  any  two  planes  maybe  ezpreaaed  in  general  fonn,  but  in  all 
practically  arising  cases  the  end  can  be  attained  by  the  solation  of  one  or  more  ajdieriflal  tri- 
angles on  the  projectioni 

(8)  For  the  relation  between  the  planes  in  a  zone  the  general  equation  before  giyen  holdi 
good: 

cot  PS- cot  PB  _  (PQ) .  (SR) 
ootPQ  -  ootPB  ""  (QE) .  (PS)* 

(4)  For  all  sones  passing  throngh  the  dinopinacoid  (010),  the  yalue  of  PB  may  be  taken  ai 
90*,  and  the  above  equation  consequently  simplified : 

p  "  g  '    tan  QB ""  r  ' 

This  equation  is  especially  yaluable  for  determining  the  indices  of  planes  in  the  prismilio 
and  clinodome  series. 

(5)  To  determine  the  axial  relations  the  general  equation  admits  of  bein|i^  transformed  soai 
to  read: 

h         an  FYJl  _  p  sin  QYA       a^ 

T  '       Bin  PYO  ■"  r  •       sin  QYO  ""  e  ' 

k         sin  PYA  _  g  sin  QYA  _   b^ 


and 


I  '        cotPY        r  '        cotQY        c 


The  angles  PYA,  PYC  are  angles  which  may  be  calculated  directly  by  spherical  triangles 
from  the  measured  angles.  Similarly  for  QYA,  QYC.  PY  and  QY  are  the  anglea  between 
the  given  plane  P  or  Q  with  the  dinopinacoid. 


VL  Tkiclinic  Ststbic. 

In  the  Triolinic  System,  since  the  axes  ore  unequal  and  all  mutually  oblique,  there  can  be 
no  plane  of  symmetry,  and  there  can  in  no  cose  be  more  than  two  planes  induded  in  a  single 
form.  The  three  axes  are  distinguished  as  a  vertical,  c,  a  longer  lateral,  or  mocrodiagonal 
axis,  If  and  a  shorter  lateral,  or  brachydiagonal  axis,  d.  The  position  assumed  for  the  axes 
is  shown  in  f .  259,  p.  80. 

The  general  symbol  [hkl] ,  which  includes  eight  similar  planes  in  the  orthorhombic  system, 
is  here  resolved  into  four  independent  forms,  embracing  two  opposite  planes  only.  Thej 
are  thus: 

a)  its   <2)a   (»>sffi   <*)S 

These  correspond  respectively  to  mP'n  (1),  m'P/i  (2),  mP,n  (3),  m,l?n  (4)  of  Naumann,  oi 
—m-n\  —m-n,  m-n\  m-n\  as  the  abbreviated  symbols  are  written  in  the  earlier  part  of  ihii 
work. 

Contrary  to  the  usage  in  the  orthorhombic  system,  it  is  customary  to  make  [100]  the 
macropinacoid  (t-i  =  t2  :  oo  J  :  ooc),  and  [010]  the  brachypinacoid  (»-!  =  cdu  :  b  :  cco).  Planes 
having  the  symbol  [hOl\  are  then  macrodomes;  and  those  of  the  symbol  [OArfj  are  brachy- 
domes.  Similarly  then  pyramids  (h  >  k)  of  the  form  [/(^]  are  macrodingonal  planes,  and 
those  of  the  form  (fiki)  are  brachydiagonal  planes.  The  unit  prism  consists  of  two  independent 
terns  (110),  (iiO)  (r=ooP/),  and  (110;,  (110)  (I  =oo',P). 

Mathematical  Rdatums  of  the  Trielinie  Systerru 

eoDsequence  of  the  obliquity  of  the  axes  in  the  Triclinio  System  the  mathematical  reU* 

are  less  simple,  and  the  general  equations  deduced  as  before  become  so  complicated  as 

seldom  of  much  practical  value.    Most  problems  which  arise  may  be  solved  by  the  zonal 

or  by  the  solution  of  the  spherical  triangles  in  the  projection.     Some  of  the  mnst 

t  relations  (given  by  Schrauf)  are  as  follows: 


JULLEE'b  BYOrElC  OF  OBTSTALLOOSAPfar. 
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If  the  angle  between  the  axes  X  and  Z  =  ri,  between  X  and  Y  =  C«  and  between  Y  and  2 
=  I  (see  f.  757) ;  if  alao  a,  /3,  7  are  the  ooireapondmg  angles  between  the  pinaooid  planes — 
then! 


008|  = 

and 

where 


CO8/300S7  —  cosa 


8m/3  8m7 


COS700S  a  —  cos  fi 

00s  11  = ; ; 

smysin  a 


cos 


cos  fi  cos  tt  ~  COS  *> 

*  ~~  sinasin/i 


oos»PX  = 


A«dV  Ai 


C08*PY  = 


ifcVc»  A. 


00s*  PZ  = 


iV6«  Ai 


Ax  =  tl+2oosaco8/Jcos7—  (cos"  a  +  cos*  fi  H-  00s'  7)]. 

Ml  =  A'dVsin'a  +  A;  »aV  sin* /5  -f  Pa»*»gin«7  +  2a6(j  (A»  cos /5  sin  a  sin  7 
+  hke  cos  78ma8mi9  +  iUaoo8asin^sm7). 


Also 


cos»AX  = 


A, 


sin*  a  ' 


cos  BY  = 


A, 


sin* /J  ' 


oosCZ  = 


Ax 


sin'  7 


When  PX,  PY,  PZ  have  been  found  by  calculation,  then  the  following  equation  gives  th« 
relation  of  the  axes : 

T-  cos  PX  =  -7-  cos  PY  =  -7-  cos  PZ. 
A  A;  < 


As  seen  in  f .  805. 

00s  PX  =  sin  PBC  sin  PB  =  sin  PCB  sin  PC ; 
cos  PY  =  sin  PCA  sin  PC  =  sin  PAO  sin  PA; 
cos  PZ  =  sin  PAB  sinPA  =  sin  PBA  sin  PB; 
and  also  from  these  it  follows  that — 

4  sin  PAO  =  4- ton  PAB  ; 
4-BinPBA  =  4-"^PBG; 


^  sin  PCB  =  4-  nn  POA. 
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I  =  180'  -  CAB  ; 


If  =  IBO'  -  ABO  ; 


f  =  180*  -  AOB. 


Rrlations  of  thb  Six  Cbtbtallinb  Systbms  nr  Rbspect  to  Symmetry. 

From  a  careful  study  of  the  spherical  projections  for  the  successive  systems  a  very  oleai 
idea  may  be  obtained  of  the  degree  of  symmetry  which  characterizes  each.  It  is  well  under- 
stood that  in  the  Isometric  System  there  are  nine  planes  of  symmetry ;  in  the  Tetragonal, 
five;  in  the  Hexagonal,  seven  ;  in  the  Orthorhombio,  three;  and  in  the  Monoclinic  only  one. 
These  relations  are  shown  on  the  projections  by  the  symmetrical  distribution  of  the  poles  about 
the  respective  g^at  circles.     These  zone-circles  of  symmetry  are  as  follows  : 

leametric  System  (f .  7G6) :  1st,  the  three  diametral  zones : 


1.     (100),  (010),  (100). 
Also  the  diagonal  zones : 
4.     (110),  (001),  (IIO). 


2.     (100),  (001),  (iOO). 
6.     (100),  (Oil),  (TOO). 

7.   (100),  (Oil),  (ioo). 


5.   (liO),  (001),  (iio). 

Tetragonal  System  (f .  790) : 

1.    (100),  (010),  (iOO). 
Also : 

4.   (110),  (001),  (liO).         5.   (liO),  (001),  (iiO). 


8.    (010),  (001),  (OiO). 


8.     (010),  (101),  (OIO). 

9.   (010),  (ioi),  (OiO). 


2.     (100),  (001),  (iOO). 


3.    (010),  (001),  (OiOX 


1.    (lOlO),  (0001),  (TOIO). 

4.  (iiso),  (0001),  ciiso). 

OrOorhimtbia  8y»Um  (t  801} : 

1.     (100).  tOlO),  (lOO). 
Xotuxiime  S^item  (1  804) : 


(OlIO),  (0001),  (OTlO). 

(laio).  (0001),  (1210). 
(loiO),  (Oiio),  (1100). 

L    (100),  (001),  (100). 
L.    (100),  (001),  (lOO). 


(IlOO),  (0001),  (lIOO). 

.  (3110),  (0001),  csiio). 


8.    (010),  (001),  (OlO). 


In  tha  Tdclinio  Syatera  Qten  k  no  pl*iie  of  ^naaxArj. 


The  Bbombohsdbal  Ditibioii  ov  Hiluui. 


leferred  to  tbe  three  eqtui  obliqaa  »xaa 
Uiller.     The  torma  are  u  follow!  : 

The  planes  having  the   indioea  (100), 

(010),  (001)  are  those  of  tbe  (plua)  funda- 
mental Thombohedron,  while  the  pIwM 
(111)  £■  the  ba«e.  The  plane*  (221).  (ISl), 
(122)  aie  thoae  of  tlie  BJnoa  flmdiunantd 
rhombohedzon ;  with  the  planea  (100), 
(010),  (001)  ths7  fonn  the  unit  bexagOMd 
pyramid. 

The  hezagfooal  unit  piiam  (J=  [OlIO]) 
ha«tbeB7mbotB:  <8Ii).  (1^1).  (Il2),  (Ell), 
(121),  (ll2).  The  aecond,  or  diagonal  hexa- 
gonal piiam  (t-3  =  [1130])  has  the  armboU: 
(lOi),  (lIO).  (Oil),  (iOI),  (ilO),  (Oil). 

Tbe  dibezagonal  pTninid  enibrsee% 
like  the  simple  hexagonal  pTramid.  two 
fonoB,  [Aid]  and  [efgl ;  the  ajmbol  [hU] 
beoce  belong*  to  the  plus  scalenohedroii, 
and  [ffg]  to  the  minns.  In  this  aa  in  other 
cases  it  is  tme  that ;  t=  —  A  +  2k  +  21, 
f  =  2h-k  +  2l,g  =  2h  +  ik^l. 

The  dihexagonal  piism  includes  the  ail 
planes  of  the  form  [AM] ,  and  the  lemsin- 
ing  six  of  the  form  [r/0]. 

Host  of  the  problems  arising  under  Uiis  sjstem  can  be  solved  by  the  lona  eqaatkoa,  at 
hj  tbe  working  out  of  the  ephencal  trianglea  on  the  apbeie  of  piojecbon. 


APPENDIX   B. 


ON  THE  DRAWING  OF  FIGURES  OF  CRYSTALS. 


Ih  the  projeotion  of  crystals,  the  eye  is  supposed  to  be  at  an  infinite  distance,  so  that  the 
rays  of  light  fall  from  it  on  the  crystal  in  parallel  lines.  The  plane  on  which  the  crystal  is 
projected  is  termed  the  plane  of  projection.  This  plane  may  be  at  rigJvt  angles  to  the  ver- 
tioal  aziBy  may  pass  Virough  the  vertical  axis,  or  may  intersect  it  at  an  obUqv^  angle.  These 
different  positions  g^ve  rise,  respectively,  to  the  horizoxtax.,  vertical,  and  oblique  pro- 
jections. The  rays  of  light  may  fall  perpendicuiarl$f  on  the  plane  of  projection,  or  may  be 
obliquely  inclined  to  it ;  in  the  former  case  the  projeotion  is  termed  orthographic,  in  the 
second  clinographic.  In  the  horizontal  position  of  the  plane  of  projection,  the  projection 
is  always  orthographic.  In  the  other  positions,  it  may  be  either  orthographic  or  clinographic. 
It  28  generally  preferable  to  employ  the  vertical  position  and  clinographic  projection,  and  this 
meUiod  is  elucidated  in  the  following  pages. 
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Projection  of  the  Azb& 

The  projection  of  the  axes  of  a  crystal  is  the  first  step  preliminary  to  the  projeotion  of  the 
form  of  the  crystal  itself.  The  projection  of  the  axes  in  the  isometric  system,  which  are 
equal  and  intersect  at  right  angles,  is  here  first  g^ven.  The  projection  of  the  axes  in  the  other 
i^stema,  with  the  exception  of  the  hexagonal,  may  be  obtained  by  varying  the  lengths  of  the 
projected  isometric  axes,  and  also,  when  oblique,  their  inclinations,  as  shown  beyond. 

leometrie  Sj/stem. — When  the  eye  is  directly  in  front  of  a  face  of  a  cube,  neither  the  sides 
nor  top  of  the  crystal  are  visible,  nor  the  planes  that  may  be 
situated  on  the  intermediate  edges.  On  turning  the  crystal 
a  few  degnrees  from  right  to  left,  a  side  lateral  plane  is  brought 
in  view,  and  by  elevating  the  eye  slightly,  the  terminal  plane 
becomes  apparent.  In  the  following  demonstration,  the 
angle  of  revolution  is  designated  9,  and  the  angle  of  the  ele- 
yacion  of  the  eye,  €.  Fig.  807  represents  the  normal  position 
of  the  horizontal  axes,  supposing  the  eye  to  be  in  the  direc- 
tion of  the  axis  BB  ;  BB  is  seen  as  a  mere  point,  while  GC 
appears  of  its  actual  length.  On  revolving  the  whole  through 
a  number  of  degrees  equal  to  BMB'  (8)  the  axes  have  t£e 
position  exhibited  in  the  dotted  lines.  The  projection  of  the 
■emiaxis  MB  is  now  lengthened  to  MN,  and  that  of  the  semi- 
axis  MO  is  shortened  to  MH. 

If  the  eye  be  elevated  (at  any  angle,  «),  the  lines  B'N,  BM, 
and  G'H  will  be  projected  respectively  below  N,  M,  and  H, 

and  the  lengths  of  these  projections  (which  we  may  designate  5'N,  5M,  and  c"H)  will  be  di- 
rectly proportional  to  the  lengths  of  the  lines  B  N,  BM,  and  G'H. 

It  is  usual  to  adopt  such  a  revolution  and  such  an  elevation  of  the  eye  as  may  be  expressed 
bj  a  simple  ratio  between  the  projected  axea  The  ratio  between  the  two  axes,  MN  :  MH, 
as  projected  after  the  revolution,  is  designated  by  1  :  r :  and  the  ratio  of  6'N  to  MN  by  1  :  «« 
Suppose  r  to  equal  3  and  «  to  equal  2,  then  proceed  as  follows ; 


Draw  two  lines  AA', 


),  intersecUugr  one  nnotber  at  right  uig-lML  Heke  HH  = 
MH'  =  b.  Divide  EH'  Into  8  (r)  parts,  and  throng  the 
poinla,  N,  N',  thna  determined,  dnw  perpendicaUn  to 
On  the  left  hand  veiticsl.  net  o9,  below  H,  ■ 

;  Mud  from  R  diBW  BM, 

B  ia  the  jnv 


part  H'B,  eqna]  to  —  A  =  -^  H' 


and  extend  the  same  to  the  vertical  N 
jeotioB  of  the  front  horlsontal  bxib. 

Draw  BS  pacallel  with  HH'  and  connect  SH.  From 
the  point  T  in  which  SH  intereecta  BN,  draw  TC  par- 
aUel  with  HH.  A  line  (CC)  drown  from  C  Uu:onBb  H. 
and  extended  to  the  left  vertical,  is  the  projectioii  of  the 
vde  horizontal  axia. 

Laf  ofF  on  the  right  vertical,  a  part  IIQ  equal   tc 
|mH,  and  moke  UA  =  SIA'=  MQ ;   AA'  la  the  vertical 
axia.     If.  as  here,  r  =  3,  and  «  =  2,  then  S  =  18'  St, 
"■  and  <  =  9'  28 ,  for  oot  »  -  r,  and  cot  •  =  r». 

Tetragonal  and  Orthorliombic  Bj/itemt. — The  axes  AA',  CC  ,  BB,  constructed  in  the  mannei 
described,  are  equal  sad  at  right  angles  to  each  other.  The  projection  of  the  axe*  of  a  tetia- 
gonal  cTjBtal  is  obtained  by  aimply  lajiiig  off,  with  a  scale  of  proportional  partfi.  On  MA  and 
MA'  ta^en  aa  unila,  the  value  of  the  vertical  axis  <r)  for  the  given  specien.  Thus  for  btood, 
where  i  ^  '(14.  we  moEt  lay  off  *S4  of  HA  above  M  and  the  aame  length  below. 

For  an  ortborhombio  crystal,  where  the  throe  axes  are  aneqnal,  the  length  of  i  mnat  ai 

before  be  laid  off  above  and  below  from  M,  txid  that  of  i  to  the  right  and  left  of  K,  oa  CC . 

MC  being  taken  as  the  unit     It  is  oanal  to  make  the  front  axis  MB  =^  il  =  1 . 

llono^tao  tlg4Um. — The  axea  i  and  S  in  the  monoclinic  sjatcm  are  inclined  to  one  anotiiet 

at  an  obliqe  ane-le  =  S.     To  project  this  inclinati<m,  and 

800  thus  adapt  the  isometric  aies  to  a  monoclinic  form,  Isj 

off  (f .  609)  on  the  axis  MA,  Ua  =  HA  ooa  S,  and  od  the 

axil  BB'  (before  or  behind  H,  according  as  the  IncJinatioD 

of  li  on  c,  in  front,  is  acute  or  obtuse)  HA  =  MB  x  sin  A 

Prom  the  points  b  and  a,  draw  lines  parallel  respectlTdj 

with  the  axes  AA'  and  BB',  and  from  their  intersection 

D  ,  draw  ttitough  M.  DD,  making  MD  ~  MD'.     The  lint 

DD'  is  the  cliDodiagonal,  and  the  lines  AA,  C  C,  DD  re- 

pcGsent  the  axes  m  a  monoclinic  solid  in  which  a  =  b  =  c 

=  1.     The  points  a  and  b  and  the  position  of  the  aiii 

DD'  will  vary  with  the  angle  ft      The  relative  valaea  of 

the  axes  may  be  given  thero  as  above  explained:  that  i), 

if  d  =  1,  lay  off  in  the  direction  of  MA  and  HA'  a  line 

equal  to  c,   and  in  the  direction  of  MC  and  HC  a  line 

equal  to  b,  etc. 

TruUiiitc  t^giittm, — The  vertical  aeetiona   through  the 
horizontal  axes  in  the  triclioic  system  are  obliquely  in- 
clined ;  also  the  inclination  of  the  axis  a  to  each  aii*  b 
is  oblique.     In  the  adaptation  of  the  isometric  axes  to  the  triclinio  forms,  it  is  there- 
fore necexsarj',  in  the  first  place,  to  give  the  requisite 
°^^  obliquity  to  the  mutual  inclination  of  the  vertical  sec- 

*  tioQB,  and  altcrwards  to  adapt  the  horizoDtal  axes.     The 

inclination  of  these  sections  we  may  designate  A,  and  u 
heretofore,  the  angle  between  a  and  b,  y,  and  a  and  e,  fl. 
BB'  is  the  analogue  of  the  bracbydiBgonal,  and  CC  of  the 
mscrodiagonaL  An  oblique  inclination  may  be  {^ven  the 
vertical  sections,  by  varying  the  position  of  either  of 
tbeae  sections.  Permitting  the  biacbydiagonal  aectioa 
ABA  B  to  remain  unaltered,  we  may  vary  the  other  lee- 
m  on  follows: 

Lay  off  (f.  t^iO)  on  MB,  Ui'^HB^coa  A,  and  on  His 
axis  C  C  <to  the  right  or  left  of  M,  according  as  the 
acute  angle  A  is  to  the  right  or  left).  Mc  ^  MC  x  sin  A ; 
cnmpleiing  the  parallelogram  Hb'  Dc,  and  drawing  the 
diagonal  MD.  extending  the  same  to  D'  so  as  to  make 
HD-~  MD,  we  obtain  t^  line  DD' i  the  vertical  lOoliitt 
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paniTig  through  this  line  is  the  ooneot  m&orodiagtinal  aeotioiL  The  inclination  of  n  to  tbn 
new  macrodiBgoiuil  DD'  i*  atill  a  right  mgle  ;  aa  also  tlie  inclination  of  »  to  b,  their  obliqna 
inolinations  may  be  giren  Uiem  as  follows ;  Lay  ofl  On  MA  (1.  810),  Ma  =  MA  n  ooa  P,  and 
on  the  axis  BB  (brachrdiafl^iDal),  Hi  —  MB'  x  sin  j.  Bj  oompleting  the  parallelogram  iia, 
B'A,  the  point  E'  is  determined.  Make  ME  =  UE;  EE'  is  the  projected  brachjdingonal.  : 
Again  Uf  off  on  MA,  Ma'=MAxco«m  and  on  MD',  to  the  left.  Hrf^  MD'xaina.  Diaw  ' 
lines  from  a'  And  d  iiondlel  to  MD  and  MA ;  F',  the  intersection  of  these  lines,  is  one  oitremitf 
of  the  mearodiagonal;  and  the  line  FF',  in  wbioh  MF  =  HF',  is  the  macrodi agonal.  Tha 
vertical  aiia  AA  and  the  horisontal  axes  GE  (brachjdiagonal)  and  FF'  (macrodiagonal)  thna 
obtained,  are  the  axes  in  a,  tricUnio  form,  in  which  a  =  b  =  e  —  1.  Different  values  may  ba 
given  these  axes,  according  to  the  method  heretofore  ijlnstrated. 

Se^tgonat  Syttem.  —In  tbie  aystem  there  are  thiee  equal  horiiontal  azea,  at  right  anglea  to 
the  vertical  axis.     The  normal  poaition  of  the  hodiontal 
ftxes  is  represented  in  f.  811,     The  eya,  placed  in  the  811 

line  of  the  axis  TT,  obaenee  two  of  the  semiaxes,  HZ  Y 

and  MU.  projected  in  the  same  straight  line,  while  tbe 
third,  MY,  Bppeara  a  mere  point.  To  Kire  the  axes  a 
more  eligible  position  fur  a  representation  of  the  various 
planes  on  the  solid,  we  revolve  them  from  right  t«  left 
throngh  a  certain  number  of  dajfreea  S,  and  elevate  tbe 
eye  at  an  angle  t.  The  dotted  lines  in  the  figure  repre- 
sent the  axes  in  their  new  sittuttion,  resultinjf  from  a 
revolution  through  a  namber  of  degrees  eqnal  U>  t  :^ 
YMT  .  In  this  position  the  axis  MY  is  projected  upon 
UP,  MU  upon  MX,  and  M2  on  MH.  DfSgfaatinK  the 
intermediate  Bjit  I,  that  to  the  nght  II,  that  t-o  the  left 
III,  if  the  revolution  is  suoh  as  to  give  tbe  projections 
of  I  and  II  the  ratio  of  1  :  2,  the  relations  of  the  three 
projeotioiis  wiU  be  as  follows :  I  :  II  ;  III  =  1  :  2  :  8. 

Let  ns  take  r(^PM:  HM)  equal  to  S,  and  *(=«'?  : 
PM)  equal  to  2,  these  being  tbe  most  oonveuient  tatioa  for 
representing  the  hexaefonal  crystalline  forma.     Tbe  following  will  ba  tbe  mode  of  constnie- 

1.  Draw  the  lines  AA,  HH  (f.  812)  at  right  angles  with,  and  biaeotin^,  eaob  other.  Let 
HM  =  A,  or  HH  —  ib  Divide  HH  into  six  parte  by  vertical  Unes.  I^ese  lines,  indudin^ 
tbe  left-  and  right-hand  veitioaln,  may  be  numbered  from  cue  to  aix.  as  in  the  fignre.  Id  tbe 
first  vertical,  below  H,  lay  o9  HS  =  ^b,  and  from  S  disw  a  line  through  H  to  (be  fourth 
vertical.     YY'  ia  the  projection  of  the  axis  I. 

2.  From  Y  draw  a  line  to  the  sixth  vertical  and  parallel  with  HH.    From  T,  the  e: 
of  tbia  line,  draw  a  line  to  N  in  the  second  vertioaL 
Then  from  tbe  point  U,  in  which  TN  intersects  the 
fifth  vertical,  draw  a  line  through  M  to  the  second 
vertical ;  UU'  is  the  projeotion  of  the  axis  II. 

y.  Froco  R,  where  xSf  intergeote  the  third  verti- 
cal, draw  RZ  to  the  first  vertical  parallel  with  HH. 
Then  from  Z  draw  a  line  throngh  M  to  the  sixth 
vertical;  this  line  ZZ'  is  the  projectiou  of  theaxia 
111. 

4.  For  the  vertical  axis,  lay  off  from  N  on  the  seo- 
ond  vertical  (f.  812)  a  line  of  any  length,  and  oon- 
struct  npon  this  line  an  equilateral  triangle ;  one  side 
(XQl  of  this  triangle  will  intersect  the  first  vertical 
at  a  distance,  HV,  from  H,  corresponding  to  Z  H  in 
f.  81 1 ;  for  in  the  triangle  NHV,  the  angle  HHV  ia 
an  angle  of  30',  and  HX  ~  iMH.  MV  ie  tberefora 
the  radius  of  the  circle  (f.  611).  Make  therefore 
MA  =  MA'  =  MV  i  AA'  is  the  vertical  axis,  and  YY', 
UU'.  ZZ  are  the  projected  horizontal  axes. 

Tbe  vertical  axis  has  been  oonstructed  equal  bo  the  horiiontal  axe 
ditferent  hexagonal  or  rhcmbohedral  forms  may  be  laid  ofl  aocordingtc 
ex|>lained. 

Tbe  projection  of  the  isometrio  and  hexagonal  axea,  having  been  onoeaecurof^  made,  and 
that  OD  a  conveniently  large  scale,  may  be  kept  on  a  piece  of  cardboard,  and  will  then  answar 
all  subsequent  requiremeuta.  Whenever  needed  for  nae,  these  axes  may  be  tiauaferred  to  a 
■beet  of  paper,  and  tbep  adapted  in  leni^Ch,  or  inclination,  or  both,  to  the  cose  in  band. 
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1,  SimpU  firmt. — When  tha  axl«l  onm  hM  l)een  oon«tenot«d  for  tba  girta  ipeoic*.  Uw  «bU 
octahedron  is  obtained  at  onoe  by  joining  tht 
B18  extzemitiea  of  the  uet,  AA',  BB*.  OC,  m  la 

t  813.  Here  u  in  all  oues  the  Imw  which 
Ml  in  tcoat  an  diawn  atemgly,  while  tlmo 
behind  are  nimplT  dotted. 

Far  tiie  (fimfutral  pritnu  draw  thtoogh  B, 
B',  0,  C,  of  the  projected  axea  of  any  apeciei, 
lines  panllel  to  the  uea  BE',  CC ,  nntU  they 
meet;  they  nutke  ttiu  parallelograin,  aiei, 
which  la  a  tranavene  aeotion  of  the  priam.  par- 
allel to  the  base.  Through  a,  b,  e,  d  ^aw 
lines  parallel  and  equal  to  the  vntioal  not, 
making  the  puts  above  and  below  theae  pointa  < 
eqnal  Co  the  varttcaJ  semiaxis.  Tfa«n,  oonneot 
ttie  extreinitiea  of  these  lines  by  linn  paiallel' 
taab.  be,  ed,  d/i,  and  the  figure  will  be  that  of 
the  diametral  prism,  correBpODdin^  to  the  axes 
projected. 

In  the  ease  of  the  Isometric  ayetem  this  dia- 
metral priim  is  tbe  enbe,  whow  faoea  are  represented  by  the  letter  H;  in  the  tetragonal 
system  it  is  the  prism  0,  >->;  in  the  orthorhombio,  the  prism  0,  i-l,  i-l  •  intiiemonodinio,  the 
pritim  0,  1-1.  i-1 ;  in  the  triclinio,  0.  i-i,  v-t. 

The  uTiif  riertifnl  pritm  In  the  telraigODBl,  orthorhombio,  and  elisometnc  ajetemB  may  b« 
projected  by  drawing  lines  parallel  to  the  Tertioal  axis  AA'  through  B,  C,  B',  C',  maldng  the 
parte  above  and  below  tbese  points  eqnal  to  the  vertical  semiaiis ;  and  then  connecting  the 
extremities  of  these  lines  by  lines  parallel  to  BO,  CB',  B'C',  C'B.  The  plane  BCBC  U  s 
tiansTerse  section  of  sach  a  prism  parallel  to  its  base.  It  is  the  prism  O,  T,  in  each  of  th< 
^sterns  excepting  the  triolinic,  and  in  that  0, 1,1';  a  •?U(ir«  ptum  in  Uie  tetnigo  jal  q«tem ; 
a  right  rhojnbic  in  the  ori^orhombio ;  an  oblique  rhi/mbie  in  the  monocllnic  \  an  oblique  rhom- 
boidal  in  the  triclinio. 

Other  simple  formsander  the  differentsystems  are  oonstraoted  in  essentially  the  tame  way. 
It  is  only  necessary  to  lay  down  upon  the  axes  each  phme  of  the  form,  in  lightly  drawn  Linu, 


note  the  points  where  It  fnterMcta  the  adjoining  planes,  and  draw  these  In  more  strongly. 
When  the  process  is  complete  the  oongtruotion  lines  may  be  erased.  The  prooesa  will  be 
illustrated  by  f.  814  and  f.  810.  In  the  former  caae  it  is  required  to  drawthe  trigonal  triano 
tahedron.  whose  symbol  is  9 
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In  f.  814  the  three  planes  of  the  first  octant  are  represented,  they  are  3  : 1  : 1, 1  :  2  : 1, 
and  1:1:2.  It  will  be  seen  here,  what  is  always  true,  that  the  two  points  of  intersection 
required  to  determine  the  line  of  intersection,  Us  in  the  axial  planes.  These  lines  of  intersec- 
tion are  represented  by  the  dotted  lines  in  f.  814  If  the  same  process  be  performed  for  the 
other  octants,  the  complete  form,  as  in  f .  816,  will  be  obtained. 

Similarly  in  f.  81 5«  tiie  octagonal  pyramid  1-3  is  constructed ;  the  figure  shows  the  planes 
of  one  octant  only,  c  :  2a  :  a,  and  e:  a  :2a,  and  the  dotted  line  gives  their  liqe  of  intersec- 
tion. Carry  out  the  same  plane  of  construction  in  the  other  octants,  and  the  form  of  f.  817 
will  result. 

The  construction  of  the  yarious  crystalline  forms,  by  this  method,  especially  those  of  the 
isometric  system,  will  be  found  an  interesting  and  instructive  process,  and  will  lead  to  a  clear 
understanding  of  the  forms  themselves  and  their  relations  to  each  other.  Another  and  quicker, 
though  more  mechanical  method  of  constructing  the  isometric  forms  may  also  be  given. 

PrqjeetUm  of  Simple  Isometrio  Forms. — This  method  depends  upon  the  principle  that  in  the 
different  isometric  forms  the  vertices  of  the  solid  angles  are  occupied  by  one  or  more  of  the 
interaxes  (p.  16).  If,  therefore,  these  points  (the  extremities  of  the  interaxes),  can  be  deter- 
mined in  &e  several  oiystalline  forms,  it  is  only  necessary  to  connect  them  in  order  to  obtain 
the  projection  of  the  s(Aid  itself. 

As  a  preparation  for  the  oonstmction  of  figures  of  isometrio  ciystals,  it  is  desirable  to  have 
at  hand  the  figure  of  a  cube  projected  on  a  Uige  scale,  with  its  axes,  and  its  trigonal  (octahe- 
dral),  and  rhotnbie  (dodeoahedral)  interaxes. 

The  viJues  of  the  interaxes  t  and  r,  for  a  given  form,  are  obtained  by  adding  to  their  nor- 
mal length  the  values  of  t'  and  r'  respectively  given  by  the  following  equations ;  those  of  the 
octahedron  being  taken  as  a  unit : 

2mn  —  (m  -^  n)         ,      n  —  1 

mn  +  {m  -\-  n)  '  n  -f- 1 ' 

The  proportion  to  be  added  to  the  interaxes  for  some  of  the  common  forma  is  as  followas 

t  r  t  r 

2  i  0  i'-2  1  i 

f  i  0  1-3  'J  i 

8-1  i  *  2-2  i  i 

42  ♦  i  8-3  J  i 

To  construct  the  form  4-2,  the  octahedron  is  first  to  be  projected,  and  its  axes  and  inters 
axes  drawn.  Then  add  to  each  half  of  each  trigonal  interaxis,  five-sevenths  of  its  length ; 
and  to  each  half  of  each  rhombic  interaxis,  one-third  of  its  length.  The  extremities  of  the 
lines  thus  extended  are  situated  in  the  vertices  of  the  solid  angles  of  the  hexoctahedron  4-2, 
and  by  connecting  them,  the  projection  of  this  form  is  completed. 

In  the  indined  henUhedral  isometric  forms  (p.  20),  the  rhombic  interaxes  do  not  terminate 
in  the  vertices  of  the  solid  angles,  and  may  therefore  be  thrown  out  of  view  in  the  projection 
of  these  solids.  The  two  halves  of  each  trigonal  interaxis  terminate  in  the  vertices  of  dis- 
similar angles,  and  are  of  unequal  lengths.  One  is  identical  with  the  corresponding  interaxis 
in  the  holohedral  forms,  and  is  called  the  holohedral  portion  of  the  interaxis ;  the  other  is  the 
hemihedral  portion.  The  length  of  the  latter  may  be  determined  by  adding  to  the  half  of 
the  octahedral  interaxis  that  portion  of  the  same  indicated  in  the  formula : 

2mn  —  {m  ^  n) 

mn  -h  (m  —  n)  * 

If  the  different  halves  of  the  trigfonal  interaxes  be  assumed  at  one  time,  as  the  holohedral, 

and  again  as  the  hemihedral  portion,  the  reverse  forms  --q—  and  —  ^   '     may  be  projected. 

8  2 

The  following  table  contains  the  values  cf  the  above  fraction  for  several  of  the  inclined 

hemihedral  forms,  and  also  the  corresponding  values  for  tihe  holohedral  portion  of  the  inter- 

axis: 

HoL  intenuc    Hem.  intenx.  HoL  interaz.    Hem.  intersz, 

^-^  (t  76,  p.  aO)       0  3  ^(186)  i  1 

i^^f.81)  ♦  »  <-^\f.87)  ♦  % 


CiM  miruU  ilMwAolran*  [for  example,  the  pentagon^]  dodecahedron,  or  bemi-tetalwaab*- 
ijtMt,  giwMiiK  a  loUd  waifle,  sitn&ted  in  » line  betireen  the  extremitiw  of  each  pair  of  MmiBm, 
%kwh  in  •wUmI  an  wagmmetrieal  aolid  ang^le.  The  TBrtloea  of  these  aiif^ea  an  at  """p'l 
iJiMMii.-««  fnuu  the  two  adjaoent  aiet,  and  therefore  are  not  in  the  line  of  the  rhombk;  inter- 


,  may  be  found  by  the  fac- 


Mwe.     The  oo-ordinatee  of  this  solid  angle  for  any  form,  aa    - 

atttlaa  -   -r^  and  —^ r- .     By  meana  of  theae  formnlaa,  the  altuation  of  two  polnta,  a 

auJ  i  it.  Cl!^),  in  each  of  the  axes  may  be  determined  :  and  if  lines  aie  drawn  through  a  and 
If  iu  each  semiaiia  paxaliel  to  the  other  axes,  the  inteiseotionB  e  o',  of  these  linea  will  be  the 

vertices  of  the  onsymmetiloal  solid  angles,  those  msiksd  e  of  tiie  form      „      and  thoM  maiked 

•'  of  the  form 5— • 


The  tri^DiJ  int«raxF8  are  of  the  same  length  as  in  the  holohedral  forma.  The  Talnea  tt 
theae  interaxes.  and  of  the  coordinates  of  the  unaymmetricELl  solid  angle  for  different  parallel 
hemihedroDB,  are  contained  in  the  following  table : 


-3-  »  *        !         -^  (f.  M)  1  *        1 

Prqjeelum  of  a  RAombckedron.— To  construct  a  yhombohedron,  lay  off  vertioala  through  th« 
extremities  of  the  horiiohtol  aies,  and  make  the  parts  both  above  ajid  below  these  citremitiei 
equal  to  the  third  of  the  vertieal  semia^^ia  (f.  MIO).  The  points  E,  E,  E,  E.  etc..  are  thna 
determined ;  and  if  the  eztieinitiea  of  the  vertical  axis  be  ooimected  with  the  poiiita  E  or  E , 
rhombohedrons  in  different  ponitions,  mK,  or  — mR,  will  be  coostracted. 

Senlenofiedron The  scalenohedron  m"  admits  of  a  limilar  construction  with  the  rhombohs 

dron  mR.  The  only  variation  required,  ia  to  multiply  (ha  vertical  aiis  by  the  numlwr  of 
units  in  n,  after  the  pointa  K  and  E'  in  the  rhombohedron  mR  have  been  determined  ;  then 
coDDGCt  the  poinia  E,  or  tbe  points  E',  with  one  another  and  with  the  extremities  of  the  vet- 

2,  Complex  W-rmi.— When  it  is  required  to  flgnre  not  only  the  planes  of  one  form,  that 
is.  those  embraced  in  one  symbol,  bnt  also  those  of  a  namber  modifying  one  another,  a  aome- 
whnt  differL'Ut  process  ia  found  desirable.  It  ia  poaaible  indeed  to  coustmct  a  complex  form 
in  the  way  mentioned  on  p.  434,  each  plane  being  laid  off  ou  the  given  axes,  and  it«  inteioeo- 
ti on  edges  with  ndjoining  planes  determined  by  two  points,  always  ic  the  aiiiil  sectiona,  which 
It  haa  in  common  with  each.  In  this  way,  however,  the  figure  will  aoon  become  so  complex 
aa  to  tie  extremely  perplexing,  and  thus  lead  to  error  and  consequent  loss  of  time. 

This  difficulty  ia  in  part  avoided  by  the  use  of  one  projection  of  the  aiee  on  a  larger  scale, 
I^MBWhioh  the  directions  of  the  intersection-lines  are  determined,  while  aseaondamallaxvoa, 
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placed  below  and  parallel  to  it  on  the  same  sheet  of  i>aper,  is  used  for  the  actaal  drawing  of 
the  crystal  In  most  cases,  howeyer,  the  crystal  may  be  drawn  as  conyeniently  without  the 
use  of  the  second  set  of  axes.  The  size  of  the  figure  may  be  either  that  which  is  to  be  finally 
leqnirfd,  or,  more  adTantageonsly,  it  maybe  drawn  two  or  three  times  larger  and  then  redaoed 
by  photography.  This  method  is  especially  to  be  recommended  when  the  figures  are  finally 
to  be  engraved  on  wood,  since  from  the  enlarged  drawing  they  may  be  phot<^aphed  directly 
upon  the  wood  of  any  required  size,  and  thus  a  yery  high  degree  of  accuracy  attained. 

Applieatian  of  Quen8tedV$  Prof eetion, —  The  process  of  determining  the  direction  of  the 
intersection-edges  is  much  simplified  if  the  principles  of  Quenstedt^s  Projection  (p.  55)  are 
made  use  of.  In  other  words,  the  symbol  of  every  plane  is  so  transformed  that  for  it  tbo 
length  of  the  vertical  axis  is  unity.  This  extremity  of  the  vertical  axis  is  then  one  point  of 
intsnection  for  all  planes  whatsoever,  and  the  second  point  will  always  lie  in  the  horizontal 
plane,  that  of  the  lateral  axes.  The  change  in  the  symbol  requires  nothing  but  that  the 
symbol,  expressed  in  full,  should  be  divided  by  the  coefficient  of  the  vertical  axis.  The  direc- 
tion of  each  intersection-edge,  when  determined,  is  transferred  to  the  figure  in  process  of 
oonstmction  by  means  of  a  small  triangle  sliding  against  a  ruler  some  8  inches  in  length.  It 
will  be  found  in  practice  that,  especially  when  this  method  is  employed,  it  is  not  necessary 
to  actually  draw  all  the  lines  representing  each  plane,  but  to  note  simply  the  required  points 
of  intersection.  This  method  and  its  advantages  (see  Klein,  Einleitung  in  die  Krystidlberech- 
nung,  II.,  p.  387)  will  be  made  clear  by  an  example. 

It  is  required  to  project  a  crystal  of  andalusite  of  prismatic  habit,  showing  also  the  planes 
f-2,  a,  1  »,  1,  2-2,  M,  and  0. 

It  is  evident  that  an  indefinite  number  of  figures  may  be  made,  including  the  planes  men- 
tioned, and  yet  of  very  different  appearance  according  to  the  relative  size  of  each.  It  is 
usually  desirable,  however,  to  represent  the  actual  appearance  of  the  crystal  in  nature,  only 
in  ideal  symmetry,  hence  it  is  very  important  in  all  cases  to  have  a  sketch  of  the  crystal  to 
be  represented,  showing  the  relative  development  of  the  different  planes.  If  this  sketeh  is 
made  with  a  little  care,  so  as  to  show  also  the  parallelism  of  the  intorsection-edges  in  the 
occurring  zonee,  it  will  give  matorial  aid.  The  zones,  it  is  to  be  noted,  are  a  great  help  in 
drawing  figures  of  crystals,  and  they  should  be  carefully  studied,  since  the  common  direction 
of  the  intersection-edge  once  detormined  for  any  two  planes  in  it^  will  answer  for  all  others. 


The  first  step  is  to  take  the  projection  of  the  isometric  axes  already  made  once  far  all  on 
a  conveniently  large  scale,  and  which,  as  before  saggestod,  is  kept  on  a  card  of  large  size, 
and  ready  to  be  pierced  throngh  on  to  the  paper  ernployed.  These  axes,  now  of  equal  length, 
must  be  adapted  to  the  species  in  hand.  For  andalusite  the  axial  ratio  ie  c  :  I :  d  =  0'712  : 
1*014  :  1 ;  hence  the  vertical  axis  c  must  have  a  length  *71  of  what  it  now  has,  and  the  lateral 
axis  one  I'Ol  ;  these  required  lengths  are  determined  in  a  moment  with  a  scale  of  equal  parts. 

The  next  step  is  to  draw  the  predominating  form,  the  prism  /  Obviously  its  intersection- 
edges  are  parallel  to  the  vertical  axis,  and  its  basal  edges,  intersecting  0,  are  parallel  to  ps^ 
iq  in  the  projection  (f.  820).  The  planes  i-l,  and  t-2  are  now  to  be  added,  whose  intersections 
with  each  other  and  with  /are  parallel  to  ^.  The  position  of  one  edge,  //»-2,  having  been 
taken,  that  of  the  other  on  the  other  side  is  determined  by  the  point  where  a  line  parallei  to 
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the  uda  I  meeta  the  ImmI  edge  of  the  primi.     Similarlf  tbe  poritjon  of  tlifl  tmme  prlrautie 
edges  behind  are  givmi  bj  the  intenaction  of  iines  from  front  to  niu  panllel  to  the  udi  d. 

The  prianiB  dnwn,  it  TemoiDB  to  add  the  termina)  planee,  and  aa  the;  tfans  modify  one  n- 
other'B  position,  thej  are  drawn  together.  The  required  interaeotion -linen  are  earily  obtained. 
The  maorodome  I-i  is  tbe  plane  paaaing  tOirongh  the  point  •;  and  intersecting'  tbe  horiiontd 
plone  in  the  line  pog ;  thii  line  ig  obviotuly  the  diiection  of  its  intersection -ed^  with  I'-i  and 
with  0.  The  prism  i-2  appears  (f.  630)  as  the  two  lines  mm',  nn' ;  the  line  mm  prodneed 
be;oDd  m  meela  pay  at  e,  this  will  be  one  common  point  for  the  two  pUnea  1  -i  and  i-i ;  the 
second  common  poiot  is,  as  alwaj^,  the  point  e,  hence  the  line  joining  these  two  pointi.  trana- 
feired  to  the  cryatai  in  the  wa;  deeoribed.  gives  the  required  intersection- edge  for  1-3  and  l-l 
Similarly  for  i-2  on  tbe  right,  the  two  points  of  intersection  are  e.  and  the  point  where  n'fl 
and  9<ip,  produced,  meet,  and  this  gives  the  second  intersectjon-edge.  The  planes  1-i  and  1 
(right)  meet  at  d  and  e ;  hence  the  line  ^  gives  the  direction  of  theii  intersection -edge,  whidi 
is  also  the  direction  of  that  of  1-i  and  1  (left),  and  of  1  and  2-i,  right  and  left  on  both  ajdea 
Still  again,  the  plane  2-i  haa  tbe  full  symbol  3^  :  h  :  2l,  oc  i  :  ii  :  d  ;  and  henoe  intersects  tbe 
horizontal  plane  (f.  820)  in  tbe  lines  a«  (right),  at  (left),  and  aq,  dp  (behind).  Hence  the 
intersection-edge  of  1,  2-i,  I-i  has  the  dtraotion  of  the  line  joining  tbe  points  e  and  >  (rig^t), 
and  dmilarly  to  the  left  and  behind.  The  intersection- edge  of  2-i  front,  and  2-£  behind,  bai 
tbe  direction  of  the  line  joining  the  points  e  and  x  (right)  and  e  and  y  (left). 

The  method  of  obtaining  tbe  in tecseotion- edges  of  the  planes  will  be  clear  from  this  er- 
ample.     Practical  faoiiity  in  drawing  flgnies  by  thia  or  anj  other 
821  method  is  only  to  be  obtained  by  practice. 

It  will  be  found  that  at  almost  every  step  there  is  an  opportunity 
to  teat  the  aocniacy  of  the  work — thns  eveiy  point  of  interaeotiiw 
an  the  basal  plane  behind  must  lie  on  a  line  drawn  from  the  oor- 
responding  point  in  front  on  the  basal  plane.  In  tbe  direction  of  the 
»xiB  il;  so,  too,  the  point  of  Intersection  of  S-i  and  I  (front).  2-1 
and  7_(bebind),  on  one  side,  must  be  in  the  line  of  the  horiiontal 
axis  (i)  with  that  on  the  other  side,  and  aimilariy  in  other  cases. 

If  it  were  required,  aa  is  generally  necessary,  to  complete  the 
form  (f .  821)  below,  it  is  nmiecessary  to  obtain  any  new  inteiseo- 
tion  lines,  since  every  line  above  has  its  corresponding  line  oppo- 
site and  parallel  to  it  below.  Moreover,  in  an  orthorhombic  crys- 
tal every  point  above  has  a  oorresponding  point  below  on  a  line 
parallel  W  tbe  vertioiil  aiis.  Thia,  as  above,  wUl  serve  as  a  cootrol 
of  the  accniacy  of  tbe  work. 

There  is  another  method  of  drawing  complex  crystalline  fonnt 

which  has  many  advantages  and  is  Bometimes  to  be  preferred  to 

any  other;  it  can  be  explained  in  a  very  few  words.     After  tbe 

axes  hftve  been  obtained  the  diametral  prism  is  constructed  upon  them.     Upon  tbe  solid 

angles  of  this  each  plane  of  the  required  form  is  laid  oft,  the  edges  being  taken  instead  of  the 


axes.  Suppose  that  t.  833  represents  the  diametral  prism  of  an  orlhoihombic  crystal.  Here 
obviously  the  edge  e  =  2i,i  =  2h,i  =  2i.  The  plane  \  {c-h:d)  may  be  laid  off  on  it  by 
taking  from  tbe  angle  a  equal  portions  of  the  edges  e,  i,  i,  for  Inrtance,  oonTCmientl;  one 


OIT  THB  SBAWUfO  OF  TIQUBBS  Ot  0BT9TALB. 


3-^  (Sc  :  3i  ;  d)  has  the  poeitioa  mta,  since  ao  =  6,  am  =  i,  and  or  =  ^i,  here, 
ratin  of  the  axes  being  preseiTed.  B7  plotting  the  suoceaaiTa  planes  of  the  oryst&l  in  this 
ws;,  each  solid  angle  oorrespondiag  to  an  oottint,  the  dire<ition  of  the  intersect  ion -edges 
foi  the  given  form  are  at  oaoe  obtained.  Forexample,  the  intenection-edge  tori,  and  the  basal 
plane,  as  olio  for  1  and  8,  it  is  tlie  line  mn  ;  fori  iuid4-S  it  is  the  dotted  line  joiniog  Iheoommon 
pointe  II  and  a;  for  1  and  2-3  iC  is  tlie  line  ma;  for  2  and  4-S,  also  for 2  and  2-2,  it  is  the  line 
joining  the  oomtnon  points  jSo. 

The  direotion  of  the  leqnired  iateiaection-edgeB  being  obtained  in  this  wa;,  the?  are  used 
to  oonstmot  the  oiystal  itself,  bslug  transferred  to  it  in  the  uinul  vaj.  In  f.  838  the;  hare 
been  plaoed  np<»i  the  diametral  prism,  and  when  this  prooen  has  been  completed  for  tlM 
other  anglao,  and,  too,  the  domea  S,  i',  are  added,  the  form  in  t  834  reaolta. 

Ok  the  Dkawins  of  Twin  Obybtalb. 
In  order  to  projeot  a  oomponnd  or  twinned  orTBtal  it  is  genentU;  neoeaaaij  to  obtain  first 
the  axes  of  the  second  indiTidDal,  orsemi-indindaal,  in  the  position  in  which  the;  are  brought 
by  Uie  rSTcdatioD  of  180°.  Thia  is  aooompUabed  in  the  following  manner.  In  f.  S2A  a  com- 
pound crystal  of  staorolite  ia  repreaented,  in  which  twinning  has  token  plaoe  (1)  on  an  axis 
normal  to  j-I,  and  (3)  on  an  axis  nomial  to  3-f.  The  second,  being  the  more  general  case,  is 
of  the  greater  importanoe  for  the  sake  of  example.  In  f.  823,  ee',  bb',  aa'  represent  the  rect- 
H^nlarazesof  •tanrolitfl(,^  =  144I,  i  =  2112,  d  =  1).    The  twinning-plane  i-|  ()<i ;  ~l;  \a) 


haa  the  pontion  HNB.  It  Is  first  neoenai?  to  oonstmot  a  nonnal  from  tlie  centra  0  to  thii 
plane.  If  perpendiculars  be  drawn  from  (he  centre  O  to  the  lines  UX,  NB,  U&.  thej  will  meet 
them  at  the  points  z,  y,  t,  dividing  each  line  into  segments  proportiraial  to  the  sqaares  of  tba 
adjacent  axes  ;*  or  Nz  :  ALc  =  ON* :  OM*.     In  this  way  the  points  x,  £,  (  are  fixed,  and  linea 

*  This  is  tma  unce  the  axial  angles  are  right  angles.  In  the  Monoclinio  Syetem  two  ot 
Ibe  axial  intersections  are  petpendinUar,  and  they  ate  aafflcient  to  allow  of  the  debermina^ 
tion  of  the  point  T,  aa  abors.  In  the  Triclinic  System  the  method  needs  to  be  slightly 
modified. 
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drawn  from  any  two  of  them  to  the  opposite  angles^R,  N,  or  M  will  fix  the  point  T.  A  lint 
joining  T  and  O  is  normal  to  the  plane  (MKB  =  f -f).  Furthermore,  it  is  obyioos  that  if  a 
revolution  of  180"  about  TO  take  plaoe«  that  every  point  in  the  plane  MNB  will  remain 
equally  distant  from  T.  Thus,  the  point  M  will  take  the  plaoe  m(MT  =  T/a),  the  point  b'  the 
place  /3'  (NT  ~T/3'),  and  so  on.      The  lines  joining  these  points  m  fi>t  se,  and  the  common 

centre  O  will  he  the  new  axes  corresponding  to  MO,  NO,  KO.  In  order 
to  obtain  the  unit  axes  oorrespondlng  to  c,  ^,  d  it  is  merely  neoeesary  to 
draw  through  o  a  line  parallel  to  MT/u,  meeting  ^O  at  7,  then  7O7'  is  the 
new  Tertical  axis  corresponding  to  eOe\  also  fiOfi'  corresponds  to  bOb', 
and  aOa  corresponds  to  aOa\  These  three  axes  then  are  the  axes  for 
the  second  individual  in  its  twinned  position ;  upon  them,  in  the  usual  way, 
the  new  figure  may  be  constructed  and  then  transferred  to  its  proper 
position  with  reference  to  the  normal  crjrstaL 

For  the  second  method  of  twinning,  when  the  axis  is  normal  to  f-i,  the 
construction  is  more  simple.  It  is  obvious  the  axis  is  the  line  O^e,  sod 
using  this,  as  before,  the  new  axes  are  found :  kOk  corresponds  to  e(k^ 
(sensibly  coinciding  with  bb),  since  0 A }-{  =  184''  21',  and  so  on. 

In  many  cases  the  simplest  method  is  to  oonstruct  first  the  normal 
crystal,  then  draw  through  its  centre  the  twinning-plane  and  the  axis  of 
revolution,  and  determine  the  anguliu:  points  of  the  reversed  crystal  in 
the  principle  alluded  to  above:  that  by  the  revolution  every  point 
remains  at  the  same  distance  £rom  the  axiiB,  measured  in  a  plane  at  right 
angle  to  the  axis. 

Thus  in  1  827  when  the  scalenohedron  has  been  drawn,  since  the  twinning-plane  is  the 
basal  plane,  each  angular  point,  by  the  revolution  of  180°,  obtains  a  position  equidistant  from 
this  plane  and  directly  below  it  In  this  way  each  angular  point  is  determined,  and  the  00m- 
ponnid  crystal  is  completed  in  a  moment. 
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TABLES  TO  BE  USED  IN  THE  DETERMINATION  OP  MINERALS 


IT* 


TABLE  L 

Jilinerals  arrcmged  according  to  their  Physical  and  £lotopipe  Characters^ 

The  following  table  is  intended  especially  for  use  in  instruction  in  Mineralogy.  With  thii 
end  in  view  it  is  limited  to  those  species  described  in  fall  in  the  body  of  this  work,  and  the 
method  of  arrangement  has  been  made  to  conform  as  nearly  as  possible  to  the  chemical  ays- 
t^m.  of  classification  there  followed.  Table  II.,  on  the  oontraiy,  is  made  to  embraoe  all 
species  whose  crystalline  system  is  known : 

General  Scheme  of  GlaeeificaUon. 

L  MALLEABLE,  OB  EMINENTLY  SEGTILE. 

Many  of  the  native  metaia  are  here  indaded, 

1.  Lustre  metallic. 

2.  Lustre  unmetallia 

n.  VAPORIZABLE,  OR  B.B.  EASILY  YIELDING  FUMES. 

The  sulphides^  eelenidee,  etc.,  also  the  etUjhanenidea,  eulfhantimonides^  etc,  are  here  in 
duded ;  also  some  native  metals. 

Part  L  Wholly  Yapobizablb. 

1.  Lustre  unmetaUia 

2.  Lustre  metallic. 

Part  IL  YiELDmo  Fnicss  bbadilt,  bxtt  itot  wholly  Yapobizablb. 

1.  Lustre  unmetallic. 

2.  Lustre  metallic. — ^A.  Streak  unmetallic ;  B.  Streak  metallic. 

in.  NOT  MALLEABLE;  NOT  YAPORIZABLE,  OR  EASILY  YIELDING  FUMES, 

Part  I.  LnsTBE  Mbtallic. 

1.  Streak  unmetallia— A.  Infusible  or  nearly  so ;  B.  Fusible. 

2.  Streak  metallia 

Part  IL   LUSTBB  UNMBTAL^ia 

1.  Oarboaatoi. . 
a.  Infusible. 
6.  Fusible. 
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2.  Snlphatei. 

1.  Soluble  in  water,  or  hayizig  taste. 
8.  Insoluble  in  water. 

8.  Ohromates. 
4.  Silicates,  Phosphates,  Oxides  (pt.),  etc,  elo. 

I.  Streak  Colored* 

1.  Infusible,  or  nearly  so. 

2.  Fusible. — A.  Gelatinize  with  acids ;  B.  Do  not  gelatinize. 

n.  StreoJc  Uheolored, 

1.  Infusible. — ^A.  Gelatinize  with  acids ;  B.  Do  not  gelatinise. 

2.  Fusible. — ^A.  Gelatinize  with  acids. 

a  Hydrous;  fi  Anhydrous. 
B.  Do  not  gelatinize. 

a  Hydrous ;  /3  Anhydrous. 


L  MALLLEABLE  OB  EMINENTLY  SBOTILB. 

1.  Lustre  metatUe. 

(a)  Yielding  no  fumes. -^QoLD ;  Silysb;  Platinum;  Palladium  ;  Ooppbb;  Irui 
(pp.  199-204). 

(3)  Yielding  with  soda  on  charcoal  a  silyer  globule. — Aboentitb  (p.  213),  and  ACAV 
THITB  (p.  217),  these  yield  also  sulphurous  fumes.— Hessitb,  Petzite  (p.  216). 

2.  Lustre  unmetaUic 

On  charcoal  a  silver  globule.— Csbabqtritb  (p.  238). 


II.  VAPORIZABLE :  B.B.  easfly  yielding  fumes  in  the  open  tube. 

Part  L  Wholly  Vapobizable  :  readily  passing  away  in  fumes  when  heated  cm 

charcoaL 

1.  LUSTBB  XJnmbtallic. 

1.  Fumes  sulphurous ;  burning  with  a  flame. — SuLPnuB  (p.  206). 

2.  Fumes  antimonial. — Valbntinitb,  senarmontite  (p.  262). 

3.  Fumes  arsenical. — Realoab  (p.  200),  color  red;  Orpiment  (p.  209),  color  yellotr. 

4.  Fumes  mercurial. — Cinnabab  (p.  218). 

2.  LusTBB  Mbtallic. 

1.  Fumes  sulphurous;  with  also  fumes  of  antimony,  bismuth,  eta— Stibnitb  (pi.  219); 
BiSMUTHiNiTK  (p.  210) ;  some  tetradymite  (p.  211). 

2.  Fumes  seleniaL — Clausthalite  (p.  214). 

3.  Native  Absbnic,  Antimony,  Bismuth,  and  Tbllubium  (pp.  204,  205).    Some  Gni- 
KABAB  (see  above)  has  a  metallic  lustre. 

Part  II.  Yielding   Fumes   Readily   in   the   open   Tube,  but   not   Wholly 

Vapobizable. 

1.  LusTBE  Unmet ALLic. 

1.  Fumes  sulphurous  alone. — Sphalebitb  (p.  215),  infusible;  Gbbbnogkitb  (p.  220). 

2.  Fumes  Bulphurous,  and  (a)  arsenical,  or  (i9)  antimonial ;  yield  a  bead  of  silvetr  on  dbar 

SOaL— (a)   MlAKOYBITE  (p.  227)  ;   PyttABGYBITE  (p.  230).— O)  PBOUSTITE  (p.  281). 


DETERBONATION  OF  MINKBAL8.  488 

2.  LuarrBB  KsTALLia 

A.  Btreak  UnmetdOic 

1.  Fames  anenioaL 

a.  On  charcoal  a  magnetio  bead  or  mass,  (a)  In  the  dosed  tube  unaltered. — OoBALTm 
(p.  224).  (/9)  Do. ,  a  red  snblimate  of  anenio  solphide. — Arsenoptritb  (p.  225),  color  Bilyer- 
white  ;  Tbnnantitb  (p.  234),  color  iron-black ;  Gebsdobffitb  (p.  224),  color  sUver-white 
to  steel-gray,  B.B.  decrepitates.  (7)  Do.,  a  faint  sublimate  of  arsenous  oxide.— Niccolitb 
(p.  220),  color  copper-red. 

h.  With  soda  on  charcoal  a  malleable  bead  of  metallic  lead.— Sabtobitb  (p.  228), 
decrepitates  strongly,  G.=5'89  ;  Dufbbmoysitb  (p.  229),  G.=5'5tt. 

0.  Do.,  a  bead  of  silver. — PROUSTitE  (p.  231). 

d.  Do.,  a  bead  of  copper. — Dombtkite  (p.  212),  color  tin- white  to  steel-gray. 

2.  Fumes  antimonial. 

Yield  a  silver  globule  on  charcoal.— Ptbabgybitb  (p.  230) ;  Miabotritb  (p.  227). 
8.  Fumes  sulphurous. 

a.  Reaction  for  copper  with  borax. — Chalcoptbitb  (p.  222),  color  brass-yellow ;  BoB- 
idTB  (p.  215),  color  copper-red  to  pinchbeck-brown  on  the  fresh  fracture. 

h.  Yield  a  magnetic  bead  or  mass  on  charcoaL  (a)  Yield  free  sulphur  in  the  closed  tube. 
— Ptbite  (p.  221),  G.=4-8^-2;  Marcabitb  (p.  225),  G.  =4  7-4-8;  some  linn«ite  (see  be- 
low). (/3)  Unchanged  in  the  dosed  tube. — Pyrrhotitb  (p.  219),  color  bronze-yellow,  mag- 
netic ;  MiLLERiTB  (p.  219),  color  brass-yellow,  with  borax  a  nickel  reaction ;  LiSNiBlTB 
(p.  21&),  color  pale  steel-gray,  contains  cobalt. 

B.  Streak  MetalUo. 

1.  With  soda  on  charcoal  yield  metallic  copper.      (The  bead  obtained  may  also  be  tested 
with  borax). 

a.  Fumes  sulphurous  alone,  (a)  Contain  only  copper.— Chalcocitb  (p.  217).  {$) 
Contain  copper  and  ^ver. — Stromeyeritb  (p.  218). 

b.  Fumes  antimonial,  with  or  without  sulphur,  (a)  Contain  copper  and  lead. — BoUB- 
BONiTB  (p.  231),  color  sted-gray ,  G.  =  5  -7-5  -9.  (/8)  Contain  copper  and  sUyer.  — Polybasitb 
(p.  285),  color  iron-black.     (7)  Tetrahedrite  (p.  233) ;  some  enargite  (p.  285). 

6.  Fumes  arsenical. — Enargite  (p.  285). 

2.  Yidd  lead  or  silver,  but  no  copper  on  charcoal. 

a.  Fumes  sulphurous  alone.     Contain  lead.— Galrnitb  (p.  218). 

b.  Fumes  antimonial,  without  arsenic,  (a)  Contain  silver. — Dybcbabitb  (p.  212), 
O.  =9*4-9*8,  color  silver-white;  Frbikslebenitb  (p.  280),  G.=6-6-4«  color  steel-gray,  yields 
also  sulphurous  fumes ; — Stefuanitb  (p.  284),  G.  =6*27,  color  iron-black.  (|9)  Contain  lead. 
— ^ZiNBBNiTE  (p.  228),  G.  6 '80-5 '35;  Jamebonite  (p.  229),  G. =5*5-5 '8;  Boulangeritb 
(p.  282),  G.  =5 -76-6. 

e.  Fumes  mercurial.— Amalgam  (p.  203). 

d.  Fumes  selenial.— Clausthalite  (p.  214). 

«.  Fumes  tdluria    (a)  Contain  silver  and  gold.-^STLyAinTE  (p.  226),  color  steel-gray 
to  silver- white,  brittle ;  Hesstte,  Petzite  (p.  216),  color  lead-  to  steel-gray,  sectile.    (/3)  Contain 
lead.— Nagyagitb  (p.  227),  color  black  lead-gray,  foliated. 
8.  Yidd  no  lead,  ^ver  or  copper. 

Molybdenite  (p.  211) ;  Bismuthinite  (p.  210) ;  Tdlariom  (p.  205). 

m.  NOT  MALLEABLE;  NOT  YAPOBIZABLE,  NOB  BASILY  YIELDING  FUMB3. 

Part  I.  Lustre  Metallic. 

1.  Stbbak  TJnmbtallio. 

A.  Infuiitie^  or  FudbU  with  gretU  diffleulty. 

a,  Beaotion  for  manganese  with  bonus. 

(a)  jl»Aydnm«.— Pybolusitb  (p.  256),  G.=4'82,  H.=2-2*5,  streak  black  (braunito, 
hausmannite,  p.  255) ;  Fbanklinitb  (p.  251),  often  in  octahedrons,  G.=5*07,  H.=5'5-6«5. 
itreak  dark  reddish-brown ;  yields  zinc  B.B. 

O)  iQ^d«'9iM.— Manganitb  (p.  258) :  PaiLOMBLAini  (p.  260) ;  Wad  (p.  261). 
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b.  Beaction  for  ircn :  become  magnetio  upon  ignition  on  charcoal. 

(a)  ArUiydraus. —MAQifRTiTR  (p.  250),  streak  black,  magnetic;  Hbmatitb  (p.  840), 
streak  cherry-red.  Contain  titanium.— Menaccanite  (p.  247),  G.  =4*5-5,  streak  Uaok  tn 
browniflh-red ;  Tantalitk  (p.  837),  G.=7-8  ;  Columbite  (p.  338),  G.  =5  4-6  5. 

{$)  Uydr<AU, — LiMONiTB  (p.  258),  streak  yellowish-brown  ;  Gi^THTTfi  (p.  258),  streik 
same  ;  Turoite  (p.  257),  streak  red. 

e.  Beaction  for  nne  on  charcoal. — Zincitb  (p.  244),  streak  orange-yellow. 
d.  Beaction  for  efiromium  with  borax.— CniiOMiTE  (p.  252),  color  black,  streak  brown, 
commonly  in  octahedrons. 

0.  Beaction  for  fttomi4m.—BnTiLB  (p.  254);  OcTAnEDRiTE  (p.  255);  BBOOKlTB(p.  955); 
PsROFBKrrE  (p.  248). — Euxenite  (p.  840),  contains  columbium. 

/.  No  reactions  as  above. — Yttbotamtalite  (p.  839). 

B.  Funble. 

a.  Beaction  for  irwi,  become  magnetic.  — Ilvaite  (p.  287),  G.  =3-7-4*2 ;  Allaititb  (p.  286), 
G.  =3-4-2;  Wolframite  (p.  861;,  G.=71-7-5;  Samarsktte  (p.  330J,  G.=5-45--5-69. 

b.  Beaction  for  copper. — Tbmoritb  (p.  245) ;  Cuprite  (p.  244). 

2.  Streak  METALLia 
No  metallic  bead.-TGBAPHiTB  (p.  208) ;  Ibidosminb  (p.  202). 

Part  II.     Lustre  XJnhetallic. 

1.  CARBONATES:  wnen  palTSrized  eflfenresoe  (giye  off  COa)  with  hydzooiiloEio  « 
nitric  acid,  sometimes  only  on  the  addition  of  heat  (p.  180).  * 

1.  Ikfusiblb. 

a.  No  metallic  reaction,  or  only  traces ;  assay  alkaUns  (p.  183)  after  ignition. 

{a)  Anhydrous, — Efferresce  freely  in  the  mass  in  cold  dilute  add;  Calcttb  (p.  876), 
G.  =^-5-2 -8 ;  AUAGONrTK  (p.  383),  G.  =2*9  ;  Barytocalcitb  (p.  88(5),  contains  barium.  Effer- 
vescence wanting  or  feeble,  unless  very  finely  pulverized ;  Dolokitb  (p.  879) ;  MAaNXSlTX, 
(p.  380). 

(/3)  /^^(^rotM.— Htdrohaonesitb  (p.  387). 

b.  A  decided  reaction  for  ircn  :  become  magnetic  upon  ignition. 

Sidkrite  (p.  381) ;  Ankeritr  (p.  380).  Also  mesitiie,  pistomesite  (p.  881),  and  some 
Tarieties  of  the  preceding  carbonates. 

c.  A  decided  reaction  for  manganese  with  borax. 

RiioDocHROSiTK  (p.  381;.     Also  some  varieties  of  the  preceding  carbonates. 

d.  Beaction  for  zinc  on  charcoal. 

(a)  Anhydrous,— '^uvru&o^vsiL  (p.  382).     (/3)  Hydrous,— VLTDBoviscrsR  (p.  888). 

2.  Fusible. 

a.  No  metallic  reaction,  or  only  traces ;  assay  alkaline  after  fusion. 

(a)  ^w^vrfrow*.— Witherite  (p.  384),  G.  =4'3,  B.B.  a  green  flame  (baiyta);  StboH- 
TIANITE  (p.  384),  G.=30-3-7,  B.B.  a  st^-ontia  red  flame. 

(3)  ^^rfwiw.— Gay-Lussite  (p.  387);  Trona  (p.  886). 

b.  Beaction  for  lead  on  charcoal. 

Cerussite  (p.  :^85) ;    Piiobgenite  (p.  386),  contains  lead  chloride;   LSADHiLLin 
(p.  8$6),  contains  lead  sulphate. 
e. "  Beaction  for  copper  with  borax. 

IIydrous.^^Kt.KCnvTK  (p.  389),  color  green  ;  Azuritb  (p.  889),  color  azure-bine. 
d,  Beaction  for  bismuth  on  charcoaL 

Hydrous. — Bibmutite  (p.  390). 

*  Nitric  acid  is  needed  only  in  the  case  of  lead  salts  (cerussite.  phosgenite,  leadhiUite).  In 
addition  to  the  proper  carb  >nates,  also  leadhillite  and  cancrinite  effervesce  with  aoid,  and 
with  many  minerals  effervescence  may  be  caused  by  a  mechanical  admixture  of  cnloits  {9^% 
wollastonite),  or  some  other  carbonate  {e,g,  lanarkite). 
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8.  SUZaPHATBS  i  Yield  a  Bolphide  with  Boda  <m  oharooal  (p.  187),*  whioh  when  mold^ 
ened  bUckena  a  soxftuM  of  poliahed  silver. 

Soluble  in  Watbb  :  having  taste. 

a.  Glaubbritb  (p.  869) ;  Mibabilite  (p.  870) ;  Polthalttb  (p.871) ;  Epfloicrni  (p.  878); 
▲LUM8  (p.  878). 
b  Coppenw  group  :  Yitriols. — Chalcanthitb,  etc.  (p.  879). 

2.  Insoluble  in  Wateb  ;  having  no  taste. 

a.  Yield  no  metaUio  bead.     Fusible ;  assay  aikaline  after  f asion. 

(a)  An^drou4,—BARiTE  (p.  865),  G.  =4-8-4*7,  a  yellowish-green  flame  B.B.;  Oeu»- 
TTTE  (p.  866),  G.=8*92-8'97,  a  strontiared  flame  B.B.;  Anhydbite  (p.  867),  G.=2*9-2-99, 
A  reddish-yeUow  flame. 

ip)  Hydrau$:  Gtpsuh  (p.  870),  H= 1-5-2,  ^=2-8. 
h.  Reaction  for  aluminum  ;  a  blue  color  with  cobalt  solution  after  ignition. 

Hydrqun  :  Aluminite  (p.  873). 
t,  Reaction  for  Uad  on  charcMMd. 

Fusible.— Anqlesitb  (p.  867) ;  Leadhillitb  (p.  868),  oontains  lead  oarbouata. 
d.  Reaction  for  capper  with  borax. 

Brochantitb  (p.  874) ;  Lxnaritb  (p.  874). 
t.  Reaction  for  iron :  become  magnetic  after  ignition  on  oharooaL 

Oofiafite  (p.  878). 

8.  OHROMATB8:  Afford  a  ohromiuza  reaction  with  borax  (p.  186).  All  brightly  col< 
ored,  and  having  a  colored  streak. 

Groooite  (p.  868),  color  hyacinth-red,  streak  orange-yellow;  Phcbnicochroitb, 
(p.  864),  color  cochineal-  to  hyacinth-red,  streak  brick-red ;  VAUQUELHrrB  (p.  864),  color 
green  to  brown,  streak  greenish  or  brownish. 

4.  SZUOATBfl^  PHOSPHATBS,  OZIXIB8  (In  part),  etc 

I.  Streak  Colored:  having  a  decided  color. 

1.  Infusible,  ob  Fubiblb  with  gbeat  Diffioultt.- 

a.  Reaction  for  iron^  magnetic  after  ignition  in  R.F. 

(a)  J nAydrentf.— Hematite  (p.  246),  streak  cbeny-red. 

O)  jB^drw^.— Limonite  (p.  258),  streak  yellowish-brown;  G6thitb  (p.  258),  straak 
■ame:  Tuboite  (p.  257),  streak  red,  decrepitates  B.B. 
ft.  Reaction  for  mangaruM  with  borax. 

Hydnm».—^ KD  (p.  261);  Fsilomblanb  (p.  260). 
&  Reaction  for  swm,  with  cobalt  solution. 

Zdicitb  (p.  244) ;  streak  orange-yellow. 

d.  Reaction  for  copper:  yield  a  metallic  bead  with  soda  on  chazooaL 

Hydircui, — ^Dioftasb  (p.  279),  color  emerald-green. 

e.  Reaotion  for  titanium ;  with  metallic  tin  on  evapocatioii  a  violet  color  to  the  hydro- 
chloric  add  solution,  sometimes  after  fusion  with  potassium  bisulphate. 

RUTILE  (p.  254),  G.=4'2;  Warwickitb  (p.  860),  G.=r8'8,  moistened  with  snlphuric 
add  giTOS  a  green  flame  B.B.  (boron).— Some  Pyroohlore  (p.  887) ;  and  Perofskite  (p.  848). 
/.  Reaction  for  tin  :  yields  the  metal  with  soda  on  oharooaL 

Gai«itebite  (p.  258),  G.  =6-4-7*1. 
g,  Not  induded  in  the  above. 

(a)  Phosphates :  moistened  with  sulphuric  add  give  a  bluish-green  flame  B.B. — M0NA« 
HTB  (p.  846),  G.  =4*9-5 -26;  Xbnotime  (p.  842),  G.  =4 '45-4*56. 

ifi)  Ptbociilobe,  Microlite  (p.  887),  G.4 •2-4*85 ;  Feboubonitb  (p.  840x 

*  Note  the  precaution  on  p.  187 ;  it  may  be  remarked  in  addition  that,  in  the  case  of  a  sul? 
phate,  the  reaction  is  irenerally  so  decided  that  there  can  be  no  ambiguity,  even  when  the 
gas  oontains  a  UtUe  sulphur.    In  all  oases  the  soda  on  chaTooal  should  be  fint  tested  alon€,   . 
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2.   FUBIBLB  WITHOirr  YKBY  GBBAT  DlFFICUI/rT. 


A.  OdatiMge  with  AM  {p.  ISi). 

Qire  a  reaction  fat  iron, 

ILYAITB  (p.  287),  yielda  little  or  no  water,  H.  =5*5-6,  G.  =8*7-4*2,  streak  Uaok; 
Htbinqerits  (p.  833),  yields  much  water,  H.=8,  G.  =8.045,  streak  yeUowish-tarown; 
Allanitb  (p.  286),  H.  =5*5-6,  0.8-4*2,  streak  gray. 

K  Do  not  OdaUniu  triih  AM. 

1.  Arsenates :  giye  arsenical  fames  on  charcoal ;  after  roasting  yield  metallio  reactions  ai 
follows : 

a,  Beaction  for  iron  :  become  magnetic  after  ignition. 

pHARif  AC08IDBRITB  (p.  854),  odor  oUye-green  to  yellowish-brown,  eiQ» 

b,  Beaotion  for  oobaU  with  borax. 
Ebtthkitb  (p.  850),  color  rose-red. 

e.  Beaction  for  eopp^  with  borax ;  also  give  a  green  flame  BB. 
Hydrous. — Olivenite  (p.  851),  0.4*1-4*4,  color  oliye-green  to  brown j  Liboookitb  (p. 
852),  0.2'88-2  98,  color  sky-blue  to  veidigris-green ;  Glinoglasitb  (p.  852),  O.  =8*6-^-8, 
oolor  dark-green  (some  libethenite,  see  below). 

2.  No  arsenical  fumes ;  reaction  for  iron  :  become  magnetic  after  fusion. 

a.  Anhydrous.— BABctioJi  for  titanium:  Sghorlomitb (p.  815),  H.  =7-7*5,  G.=8'66S, 
massiye. — Beaction  for  tungsten:  WoLFRAMrrE  (p.  861),  H.  =5-5*5,  0.=7'l-7*55. — Beao- 
tion tox  manganese :  Triplitb  (p.  847),  H.  =8*44-8 -88,  O.  =4-5*5,  cdon  the  flame  Uniah- 
green. — Structure  micaceous :  Lbpidomblanb  (p.  291). 

b.  Ejfdrous.—Qive  a  bluiBh-gnreen  flame  B.B.  :  Yiyiabitb  (p.  840),  H.  =1*5-2,  0.=. 
2-58-2-68,  streak  M^rless  to  indigo-blue  (on  exposure) ;  Dufrbkitb  (p.  856),  H.=3  5-4,  O. 
=3*2-3*4,  streak  sMun-green. 

3.  No  arsenical  fumes ;  reaction  for  copper  with  borax,  yield  an  emerald-green  flame  B.BL 

(a)  Anhydrous.— CUFHITB  (p.  244) ;  Tbnobite  (p.  245),  color  steel-gray  to  black. 

(/3)  Hydrous.— ^tractuie  micaceous;  Tobbbrbitb  (p.  856),  H.  =2-2*5,  0.=3'4^HI« 
—Libethenite  (p.  351),  H.=4,  G.  =3*6-3 -8;  Pseudomalachite  (p.  852),  H.  =4*5-5,  0.= 
t4  4.    Atacamitb  (p.  239).     H.=8-3*5.    0.=3*8. 

II.  Streak  ITkcolored  :  sometimes  slightly  grayish,  yellowish^  eta. 

1.   IBTUSIBLB,  OB  FUBEBLB  Wmi  HUGH  DiFFICULTT. 

A.  Gelatinize  with  AM  forming  a  $Uff  JeOiff, 

a.  Beaotion  for  iron  with  the  fluxes. 

Chrysolite  (p.  278) ;  Ghondroditb,  HtnnTB  (pp.  804-807),  yields  flnorintt. 

b.  Beaction  for  zino  on  charcoal,  after  being  heated  with  soda. 

(o)  Hydrous. — Calamine  (p.  817). 

(i8    Anhydrous. — Willbmitb  (p.  279). 
e.  Beaction  for  aluminum;  a  bine  oolor  with  cobalt  solution  after  ignition. 

Allophanb  (p.  819).  amorphous. 
d.  Beaction  for  magnesium  :  pink  color  with  cobalt  solution  after  ignitioa. 

Sepiolite  (p.  327),  in  soft^  white,  compact  masses. 

^.  Do  not  form  a  perfect  Jedy  wih  AM, 

1.  Hydrom. 

r 

^  (fteaotinn  for  aluminum  :  a  blue  oolor  with  cobalt  solution  after  ignition. 

1.  P}40sphates:  give  a  bluish-green  flame  B.B.,  especially  after  being  moistened  with 
''^  add.—WAYBLLiTB  (p.  354),  color  white  to  green  to  black;   Lazulttx  (p.  858), 
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color  azure-bine,  with  borax  an  iron  reaction ;  Tubquois  (p.  355),  color  sky-blue  to  apple- 
green,  with  borax  a  copper  reaction. 

2.  Hydroiu  tilieates. — Structure  micaceouB  :  Mabgaritb  (p.  335),  yields  much  water ; 
also  some  hydrous  micas  (see  p.  331).  The  Chlorites  (see  p.  333),  are  difficultly  fusible. — 
Kaolinite  (p.  329)  usually  compact,  soft,  unctuous ;  Pybophtllite  (p.  327),  soft,  jjjhli 
much  water. 

3.  Oxides. —QiB^m  (p.  260),  H. =2  5-3  5,  usually  in  stalactitic  forms;  DiAgPORB 
(p.  !^7),  H.  =6*5-7,  in  ciystals,  scales,  and  foliated,  usually  decrepitates  B.B. 

b,  Beaction  for  magnenvm  :  a  pink  color  with  cobalt  solution  after  ignition. 

Brucitb  (p.  !^9),  soluble  in  acids ;  Talc  (p.  326),  yields  water  only  on  intense  igxii- 
tion.     Also  some  serpentine  (see  below). 
e.  No  Reactions  as  aboye. 

0?AL  (p.  266),  H.  =6-7.— Serpentine  (p.  328),  H.  =2-5-4;  Chi^rttoid  (p.  836), 
H.  =5*5-6:  Gbnthitb  (p.  329),  yields  a  reaction  for  nickel  with  borax. — Ghrtsocolla  (p. 
816),  H.=2-4,  colors  the  flame  emerald-green  (copper). 

2.  Anhydrotu. 

a.  Beaction  for  (Uununum  :  (When  of  great  hardness,  pulverizing  is  necessazy). 

(a)  Decomposed  by  acids.— Leucite  (p.  296)  H.  =6*5-6. 

03)  Structure  eminently  micaceous. — ^Muscotite  (p.  291). 

(7)  CoRUNDUic  (p.  245),  H.  =9,  G.  =4,  rhombohedral. 

Ghrtsorertl  (p.  252),  H.=8'5,  G.=3'7,  color  green. 

Topaz  (p.  810),  H.=8,  G.=3.5,  in  prisms  of  124'',  deayage  basal  perfect 

BUBELLITE  (p.  308),  H.  =7.5,  Q.  3,  in  three-  or  six-sided  pzisms,  color  yiolet,  rose-red, 
motion  for  boron  (p.  189). 

(  Andalubitb  (p.  309),  H.  =75,  G.  =3  2,  in  prisms  of  98% 

i  FiBROLiTB  (p.  309),  H.  =6-7,  G.  3  2,  brilliant  diagonal  deayage. 

(  Ctanitb  (p.  310),  H.=5-7,  G.=3*6,  usually  in  bladed  oiystals,  color  blue  to  graj. 

A.  Beaction  for  moffneHum  :  a  pink  color  with  oobalt  solution  after  ignRion. 
Talc  (p.  326),  soft,  foliated,  yields  water  upon  intense  ignition. 
Enstatitb  pt.  (p.  268),  H.=5'5.  deavage  prismatic  93°. 
Spinel  pt.  (p.  249),  H.=8,  commonly  in  octahedrons. 

0.  Beaction  for  tin  :  metallic  globule  with  soda  in  charooaL 

Gassiterite  (p.  253),  G.  =6*4-71.    Also  some  Pyrochlore  (p.  837). 

d.  No  reactions  as  aboye. 
1.  Hardness  7  or  above  7. 

Spinel  (p.  249),  H.=8,  G.  =3*5-4*1,  occurs  in  octahedrons. 

Gahnite  (p.  2jM)),  H.  =7*5-8,  G.  =4*4-4*9,  octahedral,  when  mixed  with  borax  giyas  a 
line  coating  on  charcoal 

Beryl  (p.  277),  H.  =7-5-8,  G.  =2*6-2-7,  always  in  hexagonal  prisms. 

Phenacite  (p.  279).  H.=7-5-8,  G.=3. 

OnvARovrTB  (p.  282),  H.=7'5,  G.=3*{5,  color  green,  diromium  reaction. 

Zircon  (p.  282),  H.=7*5,  G.  =4-05-4*75,  zirconia  reaction  (p.  191),  often  in  aquazo 
priiBma. 

Staurolitb  (p.  814),  H.=7,  G.=8-4-3-8,  always  crystalliaed,  /Ai=128\ 

lOLiTB  (p.  289),  H.  =7-7-5,  G.=2*6,  color  blue,  lustre  glassy. 

Quartz  (p.  262),  H.=7,  G=2-6,  and  Tridtmitb  (p.  266),  G.=2-8. 
SL  Hardness  below  7. 

(a)  GiT#  a  bluish-green  flame  when  moistened  with  sulphuric  acid ;  XENOrna 
(p.  842);  MoMi^rrE  (p.  846) ;  Apatite  (p.  342). 

(/))  Beafllion  for  titanium.— Rutile  (p.  254) ;  Brookitb  (p.  255) ;  Octahbdritb 
(p.  855),  always  in  square  octahedrons;  Peropskite  (p.  248). 

(7)  Beaction  for  tungsten. —Schbelite  (p.  362),  H.=6,  G.=4'5-5. 

(8)  Not  induded  in  the  aboye :  Enstatitb  (p.  268);  Diallage  (p.  271) ;  ANTHOPHTir 
IilTB  (p.  878). 

B.  FUSIBLB* 

1.  OdatinUing  loith  AM  :  forming  a  stiff  J^lf  ^P^  EwapmntUm. 
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1.  Ifydratu. 

j^  Haxdness  5  or  above  6.  ^ 

^    Datolitb  (p.  812),  in  glaa^f  oryBtala,  also  xareljyputfsiTe,  neyer  fibrous,  foaes  with  t 
green  flame  (boron). 

Natbolitb  (p.  820),  G.  =2*1 7-2 '25,  fnees  quietlj  and  easily  to  a  oolorieea  glaaa.  . 
ScoLBGiTB  (p.  821),  Thomsonitb  (p.  820),  on  foaion  often  onzl  np  in  wozm-lika 
forma. 

h,  Hardneaa  below  5. 

Gmelinitb  (p.  828),  H.=4'5,  in  hexagonal  or  rhombohedral  Gryatala. 
PniLLiPBiTE  (p.  823),  H.  =4-4-5,  in  twinned  oiystala. 
Laumontitb  (p.  816),  H.=8'5,  becomeR  opaqae  on  exposure. 
Pectolitb  and  Analcitb  are  decomposed  by  aoid  with  the  aeparation  of  g«lalinoBi 
iilioa,  but  do  not  form  a  aUff  jelly. 


8.  Anhpdraut, 

a.  With  hydrochlorio  acid  gire  off  aulphnretted  hydrogen. 

Dakalitb  (p.  280),  with  aoda  on  charcoal  gives  a  zinc  coating,  color  fleah-xad  to  giaj. 
Hblyitb  (p.  280).  mang^anese  reaction  Mrith  borax,  color  yellow. 

b.  With  soda  on  charcoal  a  sulphur  reaction. 

HaOynitb   p.  296),  color  sky-blue. 
e.  SoDALiTB  (p.  295),  reaction  for  chlorine. 

WoLLASTONiTB  (p.  969),  oolor  white,  lustre  yitreoua. 
KBPHELiTflip.  294),  hexagonal 


2.  J)o  not  form  a  perfect  Jdly  toith  Hydrochlorie  AM, 


Hydrous, 

1.  Structure  eminentiy  micaceous. 

C/ihrites :  Penninite  (^.  383) ;  Rtpidolitb  (p.  884) ;  Prochlobftb  (p.  885) ;  laminB 
tough  but  not  elastic,  colors  green  to  black ;  only  partially  attacked  by  acid. 

Vermicylites :  Jefferi8IT«  (p.  333) ;  nlso  pyrosclerite.  etc.,  colors  moetiy  brown- 
yellow,  also  green,  B.  B.  exfoliate  largely,  decomposed  by  acid  with  the  separation  of  silica. 

Lepidomklanb  (p.  291),  color  black,  yields  a  magnetic  globule. 

AUTUNITE  (p.  357),  H.=2-2'5,  color  bright  yellow. 

Fahlunite  (p.  331),  has  a  more  or  less*  distinct  micaceous  atruotnre. 

2.  Structure  not  micaceous. 

1.  BeactioD  for  iron  :  leave  a  magnetic  residue  on  charooaL 

(a)  Arsenates:  give  arsenical  fumes  on  charcoal— ScosoDlTB  (p.  858),  orthodiombic ; 
Pharmacosiderite  (p.  854),  isometria 

iff)  Physphates  :  give  a  blui.sh-green  flame  after  moistening  with  sulphnric  add.— 
Childrenitb  (p.  855),  reacts  for  manganese,  fuses  only  on  the  edges,  H.  =4*5-5. 
VrviANiTE  (p.  349),  H.  =1  5-2,  fuses  easily  to  a  magnetic  globule. 

2.  Beaction  for  arsenic  on  charcoal 
Pharmacolite  (p.  848). 

8.  Borates  :  give  a  deep-green  flame  after  moistening  with  aulphuric  add. 

Borax  (p.  350 r,  Boracite  (p.  859) ;  Ulbxite  (p.  859);  Sussexttb  (p.  858). 
4.  Not  included  above. 

(a)  Hardness  5,  or  above  5  (apatite =5). 

Preiinite  (p.  318),  H.=6-6'5,  color  apple-green  to  white. 

Analcite  (p.  321),  H.  =5-5*5,  fuses  quickly  to  a  clear  glass. 

pBCTOLTTE  (p.  315),  H.  =5,  usually  in  aggregations  of  acicular  crystala. 

JkroFHTLLiTB  (p.  818),  H.  =4*5-5,  B.B.  a  violet-blue  flame. 
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(fi)  Hardness  below  6. 
PmiTE  (p.  330),  H.=2-5-8*5,  compact 
Pachnolitb  (p.  243),  H.=2-4,  yields  flaorine. 
OnABAZiTB  (p.  3^)»  H.=4-^,  rhombohedraL 
Apophyllite  (p.  818),  H.  =4*5-5,  tetragonal. 
Habmotobce  (p.  324),  H.=4'5,  nsnalljin  oompoimd 
Stilbite  (p.  824),  H.=8'5-4. 
Hbulakditb  (p.  825),  H.=8*5-4. 


Anhydrotu, 

1.  Yield  metallic  lead  with  soda  on  charcoal. 

Pyrohorphite  (p.  344),  color  green,  gives  a  bloish-green  flame  on  fusion. 
MiMETiTE  (p.  844),  color  yellow  to  brown,  yields  arsenical  fames  on  charcoal. 
Vanadinite  (p.  844),  color  brownish-yellow  to  reddidi-brown,  with  borax  B.F.  an 
emerald-green  bead. 

WuLFENiTE  (p.  862),  color  bright  yellow  to  red,  reaction  for  tongsten. 

3.  Reaction  for  flucrine^  with  solphoric  acid. 

(a)  Gi?e  a  bluish-green  flame  after  moistening  with  snlphorio  add. 
Ambltoonite  (p.  847),  gives  a  lithia-red  to  the  flame. 
Triflite  (p.  847),  a  strong  manganese  reaction. 
Waqnerite  (p.  846),  color  yellow  to  grayish. 
{fi)  Fluorite  (p.  241),  cleavage  octahedral,  perfecti 
Cryolite  (p.  242),  fakble  in  tiie  flame  of  a  candle. 
Lkfidoijtb  (p.  292),  color  pink,  structure  micaceous. 
8.  Reaction  for  UUUa  :  give  a  purple-red  color  to  the  flame. 
Spodumeke  (p.  278),  H.=6-5-7,  G.=813-8-19. 

Triphylite  (p.  847),  H.=5,  G.  =8*54-8  6,  gives  a  bluish-green  oolor  to  the  extremity 
of  the  flame. 

The  mica  lepidolite,  and  also  some  biotite,  give  a  lithia  flame. 

4.  Reaction  for  tron  with  the  flaxes. 

Vesuyianite  (p.  283),  tetragonal,  H.=6'5. 
Epidote  (p.  285),  monoclinic,  ^=6-7. 
Garnet  pt.  (p.  280),  is  isometrio,  H.  =6*5-7*5. 
Lepidomelane  (p.  291),  strnctore  micaceoos. 
Hyperstiienr  (p.  268),  orthorhombia 
Here  fall  also  dark-colored  varieties  of  Amphibolb  (p.  274),  end  Ptbozbkb  (p.  870)l 

5.  Reaction  for  manganese  with  borax. 

Rhodonite  (p.  272),  color  usually  roee-red.  .  *  * 

Spessabtitb  (manganese  garnet,  p.  282). 

6.  Reaction  for  titanium, 

TiTANITE  (p.  813).  ^ 

7.  Reaction  for  tungsten, 

ScnEELiTB  (p.  362). 

8.  Not  included  in  the  above. 

Halite  (p.  237),  Sylyitb  (p.  288),  soluble  in  water. 

Micas  (pp.  289-292),  structure  eminently  micaceoua 

Apatite  (p.  842),  H.=5,  G.i=2 '9-8*25,  a  bluish-green  flame  after  moiitening  with 
sulphuric  acid. 

Pyroxene  (p.  270),  H.=5-6,  G.=8'2-^'5,  monodinio.  angle  of  prism  98**. 

AifPHiBOLB  (p.  274),  H.=5-6,  G.  =2*9-8*4,  monodxnic,  angle  of  prism  (deaTi^ 
pezfeot)  124i^ 

SCAPOLITES  (pp.  298,  294),  H.  =5-6*5,  G.  =2*5-2  8,  tetragonal;  B  B.  fuse  with  istu- 
mescenoe  to  a  blebby  glasa 

ZoisiTE  (p.  286),  H.  =6-6*5,  G.  =8  1-3 '88,  orthorhombio ;  B.B.  swells  up  and  fusee  to 
a  blebby  glasa 

Feldspars  (pp.  297  to  804),  H  =6-7,  G.  =2 '6-2*8,  deavage  in  two  directions  at  right 
angles  or  nearly  so ;  B.B.  fuse  quietly  to  a  dear  glass. 

AxiNiTE  (p.  288)  H.=6'5-7,  G.=8'27;  B.B.  reaction  for  boron. 

Tourmaline  (p.  807),  H.  =7,  G.  =2*9-8 '8 ;  no  distinot  deavage,  commonly  in  three 
or  six-sided  prisms ;  B.B.  reaction  for  boron. 

Garnet  (p.  280),  H.=6'5-7*5,  ^=8*15-4-8,  leometria 
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TABLB    n. 

MineraU  Arranged  Accarding  to  their  CrystaUization, 

The  following  table  contains  the  names  of  all  distinct  species  whoee  Gzystalline  Sjitem  ii 
knovn.  For  oonyenience,  however,  the  names  of  those  which  are  described  in  detail  in  the 
body  of  the  work  are  printed  in  small  capitals.  The  species  axe  arranged  aooording  to  theii 
■pedfio  gravities. 

L  CRYSTALLIZATION  ISOMETRIC. 

A.  Lustre  Un  metallic. 


Sal  Ammoniao  (p.  288) . . 

Alum  (p.  373) 

Faujasite  (p.  322) 

Stlvite  (p.  238) 

Halite  (p.  237) 

Ghlorocalcite  (p.  238). . . 

Kremersito  (p.  239) 

SODALITE  (p.  295) 

Analcite  (p.  321) 

Nosite  (p.  296) 

RaUtonite  (p.  243) 

HaOynite  (p.  296) 

Lsucite  (p.  296) 

01dhamite(p.  213) 

PoUucite  (p.  277) 

Pharmacosidrrite  (p. 

354) 

Boracitb  (p.  359) 

Fluorite  (p.  241) 

Helvite  (p.  280) 

Garnet  (p.  280) 

Danalite  (p.  280) 

Hanerite  (p.  222) 

Dl/imond  (p.  206) 


Spea  Gravitj 

Hardness. 

1-58 

1-5-2 

Peridasite  (p.  245) 

1-56-5 

2-25 

Arsenolite  (p.  262) 

1-92 

5 

Nantokite(p.  238) 

1-9-2 

2 

Spinel  (p.  249) 

21-2 -26 

2-5 

Hercynite  (p.  250) 

Alabandite  (p.  215) 

PercyUte  (p.  240) 

214-2-4 

5-5-6 

Sphalerite  (p.  215)... 

2  2-2-29 

5-5  5 

Peropskitb  (p.  248) 

Ghrompicotite  (p.  252).. 

2  25^-4 

5  5 

2-4 

4-5 

Tritomite  (p.  318) 

2-4-2-5 

5-5-5 

Pyrochlore  (p.  837)... 

2-4r^-56 

5-5-6 

Pyrrhite  (p.  387). 

2  58 

4 

Gahnite  (p.  250) 

2-9 

6-5 

Thorite  (p.  318) 

Senarmontite  (p.  262). . . 

2-9-3 

2-5 

EmboUte(p.  238) 

2  97 

7 

Microlite  (p.  837) 

319 

4 

Ceraroyrite  (p.  238) . . 

3  1-3-3 

6-6-5 

Huantajayite  (p.  237) . . . 

3-15-4-3 

6-6-7 -5 

Bromyrite  (p.  238) 

3-43 

5-5-6 

Cuprite  (p.  244) 

8-46 

4 

Eulytite  (p.  280) 

3-53 

10 

Bonsenite  (p.  245) 

Spec.  Gnrity 


8-67 
3-70 
3-93 
8  5-41 
3  9-3-95 
8-95-4 

89-4-2 
4-04 
4-12 
3-9-4-7 
4-2-4  a'J 

4-4-6 

4-8-5 -4 

5-2-53 

5-8-5-4 

5-5 

5-5-5 

5-8-6 
5-8-6-15 
5-9-6 
6  4 


6 

1« 

2-2-5 

8 

7-5-8 

8-54 

2-5 

8-5-4 

5-5 

8 

5-5 

5-5-5 

6 

7-5-8 

4-5^ 

2-3-5 

1-1-5 

1-1-5 

2-3 
85-4 
4-5 
55 


B.  Lustre  Metallic. 


Onbanite  (p.  223) 

Peropskitb  (p.  248) 

Chromite  (p.  252) 

Tennantite  (p.  234). . . 

Binnite  (p  229) 

Hagnesioferrite  (p.  !^1). 

Jacobsite  (p.  250) 

Corynite  (p.  225) 

BORNITE  (p.  215) 

Tetrahedritb  (p.  233). 

LiNNiGITE   (p.  223) 

Pyrite  (p  221) 

Mamketitb  (p.  250). . . . 
Franklinite  (p.  251).. 

Jnlianite  (p.  234) 

(p.  215) 

(p.  224). 

aj4) 

,<p.225).. 


Spec.  Gravity 

Hardness. 

4  03-4-2 

4 

4  04 

5-6 

4-3-4-6 

5-5 

4-4-4-5 

3-5-4 

4-48 

4-5 

4-6 

6-6-5 

4-75 

6 

4-99 

4-5-5 

4-4-5-6 

3 

4-5-5-1 

3-4  5 

4-8^ 

5-5 

4-8-5-2 

6-6-5 

4-9-5-2 

5 -5-6 -5 

5-07-5-09 

5-5-6-5 

512 

soft 

5-13 

4-5 

5-6-6-9 

5-5 

6-«-3 

5-5 

61^ -5 

5-5  5 

Sm ALTITB    (p.  223) 

Skutterudite  (p.  224)... 
Polyargyrite  (p.  235). . . . 

Laurite  (p.  225) 

Uraninite  (p.  252) 

Aroentite  (p.  213). . . . 

Galenite  (p.  213) 

Iron  (p.  204). 

Metaoinnabarite  (p.  219). 
Clausthalite  (p.  214). 
Naumonnite  (p.  213). . . . 

Altaite  (p.  215) 

Copper  (p.  203) 

Silver  (p.  201) 

Palladium  (p.  202) 

Amalgam  (p.  208) 

Gold  (p.  199) 

Platinum  (p.  201) 

Piatiniridium  (p.  202).. 


Spec.  Gravity 


6-4-7-2 

6-7-6-8 

6-97 

6-99 

6  4-« 

7-2-7-4 

7-25-7-7 

7-3-7-8 

7-5-7-7 

7 -6-8 -8 

8  0 

8-10 

8-84 

10-1-11-1 

11-3-11-8 

14 

15-6-19-5 

16-19 

22-6-23 


Hardnc 


5  5-6 
6 

2-5 
7  (aboTe) 
5  5 
2-2-6 
2  5-3 
4-5 
8 

2-5-4 
2-5 
8-3-5 
2  5-8 
2-5-3 
4  5-5 
8-3-5 
2-5-^ 
4-4-5 
6-7 
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The  oommonlj  occnrrixig  forms  of  some  of  the  Isometric  minerals  are  as  follows : 

1.^0ctaAedran8.—A\xim\  Obromite;  Cuprite;  Diamond;  Franklinite ;  Magnetite;  Miozo- 
lite ;  Pyiochloie ;  Balstonite :  Spinel  (incL  heroynite,  eta).  Also  Lanrite ;  Pyrrhite ;  Senar 
montite,  and  less  commonly  Galenite ;  Fluorite. 

2.  Ct^*«.— Boradte ;    Ceiargyrite;   Fluorite;    Galenite;   Halite;   Pengrlite;   Perofskite; 
Pharmacosiderite ;  Pyrite;  SylTite. 

8.  Dodecahedrtms. — Amalgam;  Cuprite;  Gkmet:  Magnetite. 

4.  Trapezohedrans, — Garnet ;  (?)  Leudte ;  (?)  Analcite. 

5.  Pyritohedrmi8,—Go\iBX^\jd  ;  Gersdorfflte ;  Hauerite  ;  Pyrite. 

The  Glbayaob  of  Halite,  Sylvite,  Periclasite,  Galenite  is  eminently  miMs;— of  Fluorite, 
Magnetite,  Diamond  eminently,  octahedral; — of  Sphalerite,  eminently  dodeeahedroL 

n.  CRYSTALLIZATION  TETRAGONAL. 
A.  LUSTRB  Unmbtallic. 


Memte  (p.  890) 

Apophtllitb  (p.  818). . 

LoBweiie  (p.  872) 

Leucite  (p.  296) 

8aicoUte(p.  294) 

Werneritb  (p.  294). . . . 

Mbionitb  (p.  293) 

Edingtonite  (p.  319).... 

ChioUte  (p.  242) 

Sellaite  (p.  242) 

Gehlenite(p.  309) 

Mellilite  (p.  284) 

Chodneffite  (p.  242) 

Zeuncrite(p.  357) 

Vesuvianitb  (p.  288).. 
Torbernitb  (p.  856) . . . 
KocheUte  (p.  841) 


Spec.  l3T»Tlty 

Hardnesk 

1-55-1 -65 

2-2-5 

28-2-4 

4-5^ 

2-88 

2-5-8 

2-4-2-56 

5-5-6 

2-5-2-9 

6 

2-68-2-8 

5-6 

2-6-2-74 

5.5-6 

2-7 

4-4-5 

2-7-2^ 

4 

2-97 

5 

2^-8-07 

5-5-6 

2-9-81 

5 

8  0 

8-2 

2-2-5 

8-85-8-45 

6-5 

8-4-8-6 

2-2-5 

8-74 

8-8-5 

Adelpholite  (p.  841) 

OCTAHEDRITE  (p.  255). . 

RuTiLE  (p.  254) 

Xenotimb  (p.  842) 

Zircon  (p.  282) 

Azorite  (p.  837) 

Romeite  (p.  348) 

Monimolite  (p.  848) 

jSCHEELITE  (p.  862).... 
Phobqemitb  (p.  886). . . 
Calomel  (p.  238) 

CA88ITBRITE  (p.  258) 
WULPBNITE  (p.  362). 

Eosite  (p.  863) 

Matlookite  (p.  240).. 
Stolzite  (p.  862) 


• . « 


Spec  Oravi^ 


8-8 

8 -8-3 -96 
4-ia-4-25 
4  45-4-56 

4-4-75 

4-7 

5-94 

5-9-6  08 

6-6-8 

6-48 

6-4-71 

6-7-01 

7-2 
7-9-8-18 


8  ■5-4-5 
5-6-6 
6-6-5 
4-^ 

7-6 

5-6 
4-5-6 
4-5-5 
2-75-8 

r-2 

6-7 

275-8 

8-4 

275-8 

276-« 


B.  Lustre  Metallic. 


Chalooptrite  (p.  222). 

Stannite  (p.  223) 

Hausmannite  (p.  255) . . . 
Bxaunite  (p.  255) 


Spec  GTmyity 


41-4-8 
4-8-4-5 
4-72 
4-75-4-8 


Hardnc 


8-5-4 
4 

5-5-6 
6-6-5 


Fbrousonitb  (p.  240). . 
Naoyagite  (p.  227). . . . 
TapioUte(p.  839) 


Bpeo.  Gravity 


5-84 

6-85-7-2 

7-86 


Hardnt 


5-8-6 
1-1-6 
6 


m.  CRYSTALLIZATION  HEXAGONAL. 
A.  Lustre  Unmbtallic. 


Bttringite(p.  873) 

Coqoimbite  ip.  878) 

Gmelinitb  (p.  323)  R*. 
Chabazite  (p.  822)  R. . 

Levynite  (p.  821)  R 

Tridymite  (p.  268) 

Hallite(p.  333) 

Oa^orinite  (p.  295) 

Chaloopbyllite  (p.  852). . 
Nephelitb  (p.  294). . . . 


Spaa  Gravity 

Hanlii«H. 

1-75 

2 

2-2-1 

2-2-6 

2-04-2-17 

4-5 

2-08-2-19 

4-5 

2-1-216 

4-45 

2-28-2  88 

7 

2-4 

2-4-25 

5-6 

2-4-2-66 

2 

25-2-65 

5-5-6 

Speo.  Grayity 


Pyrosmalite  (p.  818). . . . 

DreeUte  (p.  868)  R 

Magmebite  (p.  880)  R. . 
Cronstedtito  (p.  885). . . . 

DioPTASE  (p.  279)  R 

RnODOCHROSITB  (p.  881) 

R 

Volboriihite  (p.  852) 

Brugite  (p.  259)  R. 

SiDERITE  (p.  881)  R. . . . 


8-3  2 
8-2-8-4 
8-3 
8  85 
8-35 

8-4-8-7- 
8-55 
8-6-4 
8-7-3-9 


HkvAm 


4-4« 

8-5 

8-5^-5 

26 

6 

8-5-4-6 
8-8-6 
2-5 
8-5-4-5 


*  Speoies,  after  whose  names  an  i?  is  written,  belong  to  the  Rhombohedral  Diyisioik 
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QUABTZ  (p.  262)  B. 

Calcitk  (p.  876)  R 

HicroBOmmite  (p.  205) . . 

Alunite  (p.  874)  R 

BSRTL  (p.  277) 

Pknninite  (p.  888)  R.. 

?BlOTITB  (p.  890) 

Gatapleiite  ip.  817) 

Dolomite  (p.  879)  R.. . . 
?  Prochlorite  (p.  886). 

Budialyte  (p.  277)  R 

TOURMALINB  (p.  807)  R. 

Ankbrite  (p.  880)  R. . . 

Apatite  (p.  842) 

Phenacite  (p.  279)  R. . . . 
Lepidohelane  (p.  291). 

Seybertite  (p.  8:^6) 

Friedelite  (p.  280)  R 

Breonerite  (p.  380)  R. . . 


Spec  GimTity 


2'6-2-8 

2-6-278 

2  60 

2-6-2 -76 

2-6-2-76 

2-«-{3-86 

^T'-Sl 

2-8 

2-8-2-9 

2-8-2 -96 

2-9-8 

2-94-8-8 

2^5-31 

2-9-8  25 

2-96-8 

8 

3-8-1 

8-07 

8-32 


Hsrdn 


7 

2-6-8-6 

6 

8  "6-4 

7-5-8 

2-2-6 

26-8 

6 

3-5-4 

1-2 

5-5 

6-5-7-6 

8-6-4 

6 

8 

8 

4^ 

4-75 

4-4-5 


Wnrteite(p.  220) 

Gorundux  (p.  245)  B. . 
WiLLEMITB  (p.  879)  R. . 
SmTHaoKiTE  (p.  B82)  R. 

Parifdt6(p.  886) 

Covellite  (p.  227) 

Cerite  (p.  818) 

Flnooerite  (p.  242) 

Gkeenockite  (p. 220). . 

ZlNClTE  (p.  244) 

lodyrite  (p.  288) 

Proustite  (p.  231)  R. . . 
Ptrarotrite  (p.  280)  R. 
Schwartzembexgite     (p 

240) 

Susaimite  (p.  869)  R 

Ptromorphitb  (p.  844) 
Vanadinitb  (p.  845). . . 
Mdcbtitb  (p.  844) 


Spec  Gnvfly 


8W 

8  •9-416 

8-9-4-8 

4-4-45 

4-85 

4-6 

4-91 

4-7 

8-8-6 

6-4-6 -7 

5-5-5-7 

5-4-5  66 

5-7-5 -9 

6-7-6 -8 

6-56 

6«-7-l 

6-7-7-23 

7-7-25 


81M 

9 

6-6 

5 

4-5 

1-64 

an 

4-5 

8-81$ 

4-4« 

■oft 

8-8-6 

8-8-6 

8-8-5 

8« 

8-6-4 

8-5-8 

8-6 


B.  Lustre  Metallic. 


Graphite  (p.  208) 

Ghalcophanite  (p.  261). . 
Pyrrhotite  (p.  219). . . 
Molybdenite  (p.  211). 
Menaccanite  (p.  247)  R 
Hematite  (p.  246)  R. . . 

Beyrichite  (p.  219) 

Millekite  (p.  219)  R. . 

Zincite  (p.  244) 

Pyrargyrite  (p.  23U)  R 
Absbnig  (p.  204)  R 


Spec.  Gimvity 

HaidnoK. 

2-1-2-23 

1-2 

3-91 

2-5 

4-4-4-7 

8-5-4-6 

4-4-4-5 

1-1-5 

4-5-5 

5-6 

45-5-3 

5-5-6-5 

4-7 

3-35 

4-6-5-65 

3-3-5 

5  4-5-7 

4-4-5 

5-7-5-9 

2-2-5 

5-93 

3-5 

'  •  •  •  • 


Tellurium  (p.  806). . 

AUemontite  (p.  205) 

Aktimony  (p.  206)  R. . . 
Tetradymitb  (p.  211). 

NiCCOLITB  (p.  220) 

Breithauptite  (p.  221). . . 

Jo8eite  (p.  211) 

Wehrlite(p.  211) 

CiMNABAB   (p.  218)  R... 

Bismuth  (p.  205) 

IRIDOSMIME  (p.  202) 


Spee.  Oxmriftj 


61-«-8 

618-6^ 

6-6-6-7 

7-8-7-9 

7-8-7-7 

7-54 

7-93 

8  44 

9-0 

9-78 

19  3-21 


8-8« 
8-^« 
8-8« 
8 

65 

soft 

1-8 

2-2  5 

2-25 

6-7 


IV.  GRYSTALLIZATION  ORTHORHOMBIO. 
A.  Lustre  Unmetallic. 


8truvite(p.349) 

Leoontite  (p.  370) 

Apbthitalite  (p.  368) 

Mascagnite  (p.  870) 

Spsomite  (p.  372) 

Fauserite  yp.  372) 

NitroCp.  357) 

Ecythrosiderite  (p.  239). 

Gotlarite(p.  373) 

Bulphub  (p.  206) 

8TILBITE  (p.  324) 

Piiillipstte  (p.  323)... 
Natrolite  (p.  320). . . . 

Pilinite  (p.  322) 

Gismondite  (p.  819) 

Eodnophite  (p.  322) 

-■-*ttilbite  (p.  825) 

[SONITE  (p.  320)... 
--LITE  (p. 854).... 


Spec.  Gravity 

Hardnefls. 

1-65-1 -7 

2 

2-2  5 

1-73 

8-3-5 

1-73 

2-2-5 

1-75 

2-2-5 

1-89 

2-2-5 

1-94 

2 

204 

2-2-5 

207 

1-5-2-5 

209-22 

3-5-4 

2-20 

4-4  5 

2-17-2-25 

5-55 

2-26 

2  265 

4-5 

2-27 

5-5 

2  25-2-36 

4-4-5 

2  3-2-4 

5-5  5 

8-84 

8-4 

SCORODITB  (p.  353) 

Foreterite  (p.  278) 

ZoisiTB  (p.  286). 

Dufrenite  (p.  356) 

Calamine  (p.  317) 

?  Astrophyllite  (p.  291). 
Hypkhsthkne  (p.  268) 

Euchroite  (p.  351) 

DiASPOBE  (p.  257) 

Chrysolite  (p.  278). . . 
Uranospinite  (p.  357). . 

Orpiment  (p.  209) 

Guarinite  (p.  314) 

Langite  (p.  375) 

Triphylite  (p.  847).. 

Topaz  (p.  810) 

Aidennite  (p.  288) 

Triplite  (p.  347) 

Staubolitb  (p.  814). . 


Spec.  Gravity 

Hanbiea. 

8  1-8-3 

8-5^ 

3  2-3-33 

6-7 

3-1-3-38 

6-6-5 

3  2-3  4 

8-5-4 

316-8-9 

4-5-5 

3-32 

8 

3-39 

6-6 

8-39 

8-6-4 

8-3-3-6 

6-6-7 

3-3-36 

6-7 

3  45 

8-8 

3-48 

1-6-8 

3  49 

6 

85 

8'M 

8-54-8-6 

5 

8-4-^-68 

8 

3  62 

6-7 

3-4-3-8 

4-5« 

8-4-8-8 

7-7-5 
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Foresite  (p.  825) 

Kaolinitb  (p.  820). . . . . 

Peganite(p.  856) 

Kieaerite  (p.  872) 

lOLITB  (p.  289) 

Laitthanitb  (p.  888). . . 

Talc  (p.  828) 

Aspidolite  (p.  290) 

PYBOPnYLLITB  (p.  827). 

Phlogopite  (p.  290) . . . 
Haidingerite  (p.  849). . . . 

Pbbhnitb  (p.  818) 

Lepidolitb  (p.  292). . . . 

CiyophyUite  (p.  298) 

Araoonitb  (p.  888). . . . 
Anhtdbitb  (p.  867) . . . . 
Lenoophanite  (p.  278) . . . 

Herderite  (p.  848) 

Yillanite  (p.  818) 

fMABOABITB  (p.  885)... 

FlaeUite(p.  242) 

Bfanganooaloite  (p.  884) . 

Diadaaite  (p.  269) 

Kupfferite  (p.  274) 

Seybtjrtite  (p.  886) 

TyroUte(p.  852) 

AUTUNITB  (p.  857) 

ANTUOPnYLLITB  (p.  273) 

Andalusitb  (p.  809). . . 

HUMITB  (p.  805) 

MontioeUite  (p.  278) .... 
Ghildremitb  (p.  855) . . 
Bnbtatitb  (p.  268) 


OnTity 


2-41 

24-2-68 

2-5 

2-52 

2-56-2-67 

26-2-67 

26-2-8 

2-72 

2 -76-2 -9 

2-78-2-86 

2-85 

2  •8-2-9 

2-84-8 

2-91 

2-98 

2^2-98 

2-97 

2-98 

2-99 

2-99 

3-04 
8-05 
8-08 
8-8-1 
8-8-1 
8-05-319 
8 -1-8 -2 
8  1-8 -2 
8  1-8-24 
8-8-25 
8-18-8-24 
8-1-8 -8 


HardneaiW 


1-2-5 

8-85 

2-5 

7-7-5 

2-5-8 

1-1-5 

1-2 

1-2 

2-5-8 

1  -5-2-5 

6-6-5 

2-5-4 

2^ 

8-5-4 

8-8-5 

3-5-4 

5 

4-5 

8-5-4-6 

8 

4-5 

8-5-4 

5-5 

4-5 

1-2 

2-25 

5-5 

7-5 

6-6-5 

5-5-5 

4-SMJ 

5-5 


Bpeo.  Gnrity 


Chrtsobbrtl  (p.  252). . 

Asmanite  (p.  266) 

Stroivtiakite  (p.  384). 
Knebelite  (p.  878) 

LlBETHENITE  (p.  851) . . 

BromUte(p.  884) 

Ataoamitb  (p.  289)  . . . 

Clandetite  (p.  262) 

Hortonolite  (p.  278) 

Celbstitb  (p.  866) 

RcBpperite  (p.  278) 

Sternbergite  (p.  218). . . . 

Cenrantite  (p.  262) 

Tephroite(p.  278) 

?Bbookite  (p.  255). . . . 

G5THITB  (p.  258) 

Oliybnite  (p.  351) 

WiTHBRITB  (p.  384) .... 

Barite  (p.  865) 

Molybdite  (p.  262) 

EUXRNITB  (p.  340) 

Polymignite  (p.  340). . . . 

Polycraae  (p.  340) 

iBSCHTNITB  (p.  340). . . . 

Gotonnite  (p.  289) 

Valehtinitb  (p.  262) . . 

DeBoloizite  (p.  845) 

Paoherite  (p.  845) 

Anolbsitb  (p.  867) 

Lbadhillite  (p.  868).. 

GERUfiSITB  (p.  885) 

Nadorite(p.  848) 

Mendipite  (p.  240) 


3-5-3-84 

3-62 

3 -6-3 -71 

3-71 

3-e-3-8 

8^ 

3-76-8-9, 

3-85 

3-91 

8-9-3-98 

8-98-4-08 

4-21 

408 

4-4-12 

4-03-4-28 

4-4-4 

4-1-4-4 

4-8 

4-3-4-7 

4-5 

4-6-5 

4-7-4-85 

51 

4*9-5-14 

5-24 

5-57 

5-84 

5-91 

6-1-6-89 

6-26-6  44 

6-48 

7-02 

7-7  1 


8-5 

5-5 

8-5-4 

6-6 

4 

4-4« 

8-8-5 

6-5 

8-rf-6 

5-5-6 

1-1-5 

4-5 

5-5-6 

5-5-6 

5-5-5 

8 

a-8-75 

25-8-5 

1-2 

6-5 

6-5 

5-5 

5-4 

wit. 

2-5-8 

8-5 

4 

2-75-8 

25 

8-8-5 

8 

2-5-8 


B.   LUBTRB  MSTALLia 


ILVAITB  (p.  287) 

Manoanite  (p.  258). . . . 
GhalooBtibite  (p.  228)... 

ElTAROITE  (p.  235) 

Epigenite  (p.  286) 

Bpathiopyrite  (p.  224).. 

Stebnite  (p.  210) 

Famatinite  (p.  236)  . . . . 
KlaprothoUte  (p.  229). . . 
Marcabite  (p.  225). . . . 
LiTingi^tonite  (p.  210). . . 

Stylotypite  (p.  232) 

Pyrolusite  (p.  256)... 
Wittichenite  (p.  232). . . . 
Onanajuatite  (p.  211). . . 

Emplectite  (p.  228) 

ZiNKENITE  (p,  228) 

Sartouite  (p.  228) 

Samarskite  (p.  839). . . 

DUFRBNOYSITB  (p.  229). 

Yttrotantalitb      (p. 
839) 


Sp60.  Oravitj 


3-7-4-2 
4-2-4-4 
4-25-5 
4-44 

4-5 
4-52 

4-57 

4-6 

4-7-4-85 

4-81 

4-79 

4-82 

5 

5-15 

5  1-5-26 

585 

5-89 

5-45-5-7 

5-5-5-6 

5-4-5-9 


5-5-6 

4 

8-4 

8 

8-5 

6-7 

8 

85 

2-5 

6-6-5 

2 

8 

2-2-5 

3-6 

8-2-6 

8-3-5 

8 

5-5-6 

8 

5-5-6 


Jamesonite  (p.  229). . 
Ghalcocitb  (p.  217). 

GOLUMBITE  (p.  838). . 

Bournonite  (p.  231) . 
Diaphorite  (p.  230)... 

Glancodot  (p.  226) 

AUdnite  (p.  232) 


POLYBASITE  (p.  235). . 

Stephanitb  (p.  234). 
Stromeyerite  (p.  218). 
Wolfaohite  (p.  225) .. . 
Arsenopyrite  (p.  225). 

Joxdanite  (p.  229) 

G^ooronite  (p.  235) . . . 

Alloclasite  (p.  226) 

Bibmuthinitb  (p.  210) 
Letioopyrite  (p.  1^). . 
Lollingite  (p.  226).... 
Acamthitb  (p.  217)  . 
Tantalitb  (p,  387). . 
Hbssitb  (p.  216) 

DT8GRA8ITB  (p.  812) . . 


Spec  OniTlty 


5-5-5-8 

5-5-5-8 

5-4-6-5 

5-7-5 -9 

5-90 

6  0 

6-1-6-8 

6-21 

6-27 

6-2-6-3 

6-37 

6-6-4 

6-4 

6-4-66 

6-6 

6-4-7-2 

6-2-7-8 

6-8-8-7 

716-7-8 

7-8 

8-8-«'6 

9*4-9-8 


2-8 

2-5-8 

6 

2-5-8 

2-5-8 

5 

2-8-5 

2^ 

2-2-5 

2-5-8 

5-5 

5-5-6 

8-8 

4-5 

2 

5-5-5 

2-5 
6-6-5 
8-8-5 
8*5-4 


4U 


AFPENDIZ. 


OBTSTALLIZATION  MONOCLINia 


A.  LuBTBB  TJkmbtallio. 


Natron  ft).  886) 

MiRABILITB  (p.  870).. 

Borax  (p.  869) 

Copperas  (p.  872) 

GAT-LU88ITB  (p.  887). 

Botiyogen  ft).  878). . . . 
Whewemte(p.  890)... 

TRONA(p.  886) 

Hjdromagnesite  (p.  887) 

BCOLECITE  (p.  821) 

Hrulanditb  (p.  825). . 

Gtpsum  (p.  870) 

GlBBSITE  (p.  260) 

SyngeniteCp.  872) 

liAUMONTITB  (p.  816). . 

Brewsterite  ft).  825) 

Petaliteft).  278) 

Harmotome  (p.  824) . . 
Orthoclasb  (p.  808). . 

ViVIANITE  ft).  849)   ... 
ElPIDOLITB  (p.  884).  . 

Pectolitb  (p.  815) 

PnARMACOLITB  ft).  848). 

Glauberitb  (p.  369) . . . 
?  Mcscovri'E  (p.  291). . . 
Vaalite  (p.  833) 

WOLLASTONITE  (p.  269). 

Datolite  (p.  312) 

Hyalophane  (p.  300) . . 
CorundophiUte  (p.  836). 

Isoclasite  (p.  351) 

Pachnolite  (p.' 243)... 
?  Maroakite  (p.  335). . . 

Amphibole  (p.  274) 

Erythrite  (p.  360) 

Waqnerite  (p.  346) 

Kottigite  (p.  350) 

Ludlamite  (p.  350) 


•  •  • 


Spec.  GrftTlty 


1-42 

1-48 

1-72 

1-8-2 -3 

1^-1-99 

204 

211 

214-218 

21-2-4 

2-2 

2-8-2 -88 

2  8-2  4 

2-25-2 -6 

2-25-2-86 

2*48 

2-4-2-6 

2  45 

2-4-2 -6 

2-58-2-68 

2-6-2-8 

2-65-2-8 

2-6-2-73 

2-6-2-85 

2  •7-8  1 

2-78-2-9 

2-8-3 

28-2-9 

2-9 

2-92 

2-93-8 

2-99 

2-9-3-4 

295 

3  07 
8-1 
812 


Harclnen. 


1-1-6 

1-6-2 

2-26 

2-2-6 

2^ 

2-2  6 

2-5-« 

2  6-8 

8-5 

6-5-6 

8-5-4 

1-6-2 

2-5-8-6 

2-6 

85-4 

4-5-6 

6-6-5 

4-6 

6-6-6 

16-2 

2-2  6 

6 

2-2-5 

2-5-8 

2-2  5 

4-5-5 

5-^-5 

6-6-5 

2-5 

1-5 

2-5-4 

3-6-4-5 

5-6 

2-2  5 

5-6  5 

2  5-3 

3-5 


Spoduhene  ft).  273). . . . 

Lazulitb  ft).  868) 

EncLASB  ft).  811) 

Johaxmite  (p.  876) 

Ghondbodite  (p.  806). 
CLmOHUMITE  (p.  806). . 
FiBROLITB  (p.  809) 

Allanitb  (p.  286) 

Epidotb  ft).  285) 

Pyroxene  ft).  270; 

Acmite  (p.  272) 

Piedmontite  ft).  286). . . . 
Bealoab  (p.  209). 

Titanite5>.  813) 
MgiTite  (p.  272). . , 
Eeilhanite  ft).  814) 
AZURITB  ft).  889)  . 
Barytocalcitb  (p.  386) 

Malachite  ft).  3^) 

BRocHANTrrs  (p.  874). . 

Tixigerite  (p.  857) 

Durangite(p.  848) 

Gadolinite  (p.  287) 

Pyrosbilpnite  ft).  280)... 
CLiNocLAsrrv  (p.  852).. 
MoNAZiTB  (p.  846),  Tur- 
nerite 


MlAROYRITE  (p.  227). . . 
LiNARITB  (p.  874) 

Vauquelinite  ft).  864). 
Laxmannito  (p.  864). . . . 

Walpurgite  ft).  857) 

Crocoite  ft).  863) 

Lanarkite  (p.  869) 

Caledonite  (p.  869) 

Megabasite  (p.  361 )..... 

HUbnerite  ft).  861) 

Wolframite  ft).  861). . . 


Spec.  OraTity 


8  1-8-19 

8-5-12 

8  1 

319 

8-1-8-24 

8 -1-3 -24 

8-2-8-8 

8-4-2 

8-26-8 -5 

82-8-5 

8-2-8-63 

8-404 

8-4-8-6 

8-4-8-66 

3-46-8 -6 

8-7 

8 -6-3 -88 

8-64-«^ 

3-7-4  01 

8-8-8 -9 

3-96 

8^5-4-03 

4-4-5 

4  2-4  26 

4-2-4-36 

4-9-5-26 

5-2-5-24 

5 -3-5 -45 

5-5-5-78 

5-77 

5-8 

5^-6-1 

6-3-7 

64 

6-45 

7-14 

71-7-55 


6-5-7 

5-6 

7-5 

2-2-6 

&-6-6 

&-6-6 

6-7 

6-&^ 

6-7 

5-6 

6 

6-6 

1-5-2 

6-6-5 

6-5-6 

6-6 

3-5-4 

4 

8-5-4 

8-6-4 

5 

6-5-7 
2 
2-6-« 

5-65 

2-2-5 

2-5 

2-5-8 

8 

2-5-8 
2-2  5 
2  5-3 
85-4 
4-5 
5-5  5 


B.  Lustre  Metallic. 


Allanite  (p.  286) 

Clarite  (p.  236) 

Crednerite  (p.  256) 

?  Brookite  (p.  255). . . . 
MiAuaYuiTE  (p.  227). . . 


Spec  Gmrity 


3-4-2 

4-46 

4-9-5-1 

4-12-4-23 

5-2-^4 


Hardnem. 


5-5-6 
8  5 
4-5 
5-5-6 
2-2-5 


Plagionite  (p.  229) 

Meneghinite  (p.  234) .... 
Freieslebemite  ft).280) 
Wolframite  (p.  361).. 
Sylvanite  ft[).  226)... 


Spec  QraTlty 


64 

6-84 
6-64 
7-1-7-65 
8-8-8 


HardneMb 


2  5 
2  5 
2-2  5 
6-5-5 
1-5-2 
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CBYSTALLIZATION  TBIGLINia 


SA880LITK  (p.  858) 

CflALCANTniTB  (p.  872). 

Wapplerite  (p.  849) 

Microcline  (p.  804) 

Albitk  (p.  801) 

Oliooclasb  (p.  801) 

Labradorite  (p.  299) . . 

Andksitb  (p.  800)  

AlIORTHITE  (p.  299). . . . 

Danburite  (p.  289) 

Gbtolitb  (p.  242) 


Bpeo.  Orarity 

HardneiB. 

1-48 

1 

2  21 

2-6 

2*48 

2-2-5 

2  54 

2-59-2 -65 

6-7 

2^5-2-69 

6-7 

267-2-76 

6 

2-61-2 -74 

6 

266-278 

6-7 

2  96 

7 

29-3 

2-5 

AMBLTOONTni  (p.  847) . . 

Hebronite(p.  848) 

AxiNiTB  (p.  288) 

Babingtonite  (p.  278)... 

Ctanite  (p.  810) 

BnoDONiTE  (p.  fS72}, . . . 

Veszelyite  (p.  351) 

Roselite  (p.  850) 

?  Bkochantitb  (p.  874). 
Pseadomalaobite  (p.  852) 


Bpeo.  Gi»t1Ij 

HudiMM. 

8-811 

6 

8-27 

6-5-7 

8  •8-8 -87 

5-5-6 

8-4-8-7 

5-7^ 

8-4 -3 -7 

5-5-6-5 

8-5 

4 

8  •5-8-58 

8-5 

8a-3-9 

8-5-4 

4-4-4 

4-5-5 

Ciyst.* 

Hardness. 

Cryst 

m.  (R) 

Enolase  (p.  811) 

7-5 

V. 

III. 

Zircon  (p.  282) 

7-5 

IL 

VI. 

Andalusite  (p.  809) 

7-5 

IV. 

L 

Beryl  (p.  277) 

7-5-8 

m. 

VI. 

Phenacite  (p.  279) 

7-5-8 

UL  (B) 

m.  (R) 

Spinel  (p.  249) 

8 

I. 

I. 

Topaz  (p.  810) 

8 

IV. 

IV. 

Chrysoberyl  (p.  252) 

8-5 

IV. 

IV. 

Corundum  (p.  245) 

9 

xn.(B) 

— 

Diamond  (p.  206) 

10 

L 

UL  AUZnJART  TABLB8. 

A«  JUlnerals  whose  Hiovrdneas  is  equal  tOy  or  greater  (hany  7  (  Quarts=:7). 

Hardness. 

Quartz  (p.  262)  7 

Tridymite  (p.  266)  7 

Danburite  (p.  289)  7 

Boracite  (crystals)  (p.  859)  7 

Cyanite  (p.  810)  5--7-25 

Tourmaline  (p.  807)  6  5-7 -5 

Garnet  (p.  280)  6*5-7-5 

loUte  (p.  289)  7-7-5 

StauroUte  (p.  814)  7-7-5 

Schorlomite  (p.  815)  7-75 

The  following  minerals  haye  hardness  equal  to  6-7,  or  6*5-7  : 

Iridosmine,  III. — Gassiterite,  IL;  Diaspore,  IV.;  Chrysolite,  IV.;  Spodumene,  V.; 
Bpidote,  v.;  Ardennite,  IV.;  Gkbdolinite,  V.;  FibroUte,  V.;    Feldspars,  VL;  Azinite,  VL 

B.  UnmetaBie  Minerals  tehieh  are  distinctly  foliated  in  some  of  their  varieties, 

1.  Micaceous :  easily  separable  into  yery  thin  laminaa,  flexible  to  slightly  'brittle. 

a.  Micas  (pp.  289  to  293) :  laminae  tough  and  elastio,  except  when  they  haye  under* 
gone  alteration ;  anhydrous.  Here  are  included  the  species :  Phlogopite  ;  Biotite  ;  Musoo- 
yite ;  Lepidolite ;  Cryophyllite.    These  graduate  into  the 

Hydro-micas  (pp.  331,  832),  in  which  the  laminso  are  inelastic  and  more  or  less 
brittle.  Here  belong :  FiJilunite  ;  Margarodite  ;  Damourite ;  Paragonite ;  Cookeite ;  Eu- 
phyllite ;  Oellacherite,  etc.;  and  related  to  iJiose,  Maigarite. 

Lepidomelane  and  Astrophyllite  are  other  micas  (anhydrous  or  nearly  so)  whose 
folia  are  nearly  inelastic. 

b.  Chlorite^  (pp.  833  to  835) :  laminae  toagh  but  mostly  inelastio ;  hydrous ;  color 
generally  dark-green.  Here  are  included  :  Penninite  ;  RipidoUte  ;  Prochlorite,  etc.  These 
are  related  to  the  Vermiculites  (p.  838),  in  which  the  lamin»  are  less  tough,  being  more  or 
less  brittle :  Jefferisite  ;  Pyrosclerite,  «tc. 

c.  Pyropbyllite,  Talc,  sometimes  rather  micaceous,  laminae  soft,  and  somewhat 
grreasy  to  the  f eeL  Bruoite  is  related  in  character,  but  differs  chemically  in  being  soluble 
in  adds. 

d.  Torbemite,  color  deep-green ;  Autunite,  color  yellow  to  bright-green,  Umifififf  brittle. 

*  Here,  as  elsewhere,  I.=Isometric;  11.  =Tetragonal ;  III.=Hexagonal ;  IV.=Orthorhom- 
6io;  V.  =:Monoclinic ;  VI.  Triclinia 
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2.  Not  properly  micaoeooB,  though  separable  more  or  less  easily  into  thin  lamfaai. 
Chloritoid  (p.  896)  and  Seybertite  (p.  886)  are  foliated,  the  laminas  not  aepaxatiiig 
easily.     So  also  Bronzite,  Hypersthene,  DiaUage,  and  Marmolite. 

Oypenm  sometimes  occors  in  soft,  separable  lamin»  (var.  8elenite)»  slightly  flexible. 
ZkuBLte  and  Eiythrite  are  sometimes  foliated  bnt  not  separable. 

0.  UnmetaBic  Mineral  tohieh  in  mrnie  of  their  wnietiei  hate  a  fibboxts  $tr%teiure. 

1.  Easily  separable  into  flexible  fibres. 

Afibestus  (=amphibole) ;  Orocidolite ;  Chrysotile  (=serpentine) ;  Anthrosiderite. 

2.  Fibrons,  not  easily  separable ;  stmoture  graduating  into  columnar. 

Anhydrous  aiUeatea: — ^Snstatite* ;  WoUastonite ;  Fibrolite;  also,  though  more  proper^ 
columnar  Id  struotuxe  : — Qyanite ;  Epidote ;  Tourmaline. 

Hydroue  Silicatea,  Zeolites  mostly : — Thomsonite ;  Okenite ;  Natrolite ;  Soolecite ;  Peeto- 
lite ;  Garpholite.    Also  some  Serpentine. 

PhoephiUes;  Areenatee: — ^Wavellite;  Gaooxenite;   Phannaoolite ;  Dufrenite  ;  OliTenite 
Vivianite;  Pyromorphite. 

Sulphates:  Anhydxite;  Baritej  Oelestite;  Gypsum. 

Carbonates: — Galoite;  Diallogite;  Hagnesite;  Hydromagneaite ;  Aragotnite;  "M^if^^iHt 

Also: — ^Bmcite (nemidite) ;  Sussexite;  Ulexite. 


APPENDIX  D. 


CATALOGUE  OP  AMERICAN  LOCALITIES  OF  MINERALS. 


The  following  oatalogae*  may  aid  the  mineralogioal  tonrisfc  in  selecting  his  xontes  and 
arranging  the  plan  of  his  jonmeys.  Only  important  localities,  affording  cabinet  spedmens, 
are  in  general  included :  and  the  name^  of  those  nUnercUs  tchieh  are  obtainable  in  good  apedr 
mens  are  distinguished  by  itaUes,  When  a  name  is  not  italicised  the  mineral  occors  only  spar* 
ingly  or  of  poor  quality.  When  the  specimens  to  be  procured  are  remarkably  good,  an-exola- 
mation  mark  (!)  is  added,  or  two  of  these  marks  (I  I)  when  the  specimens  are  quite  unique. 

MAINE. 

ALBAHY.^Berplf  green  and  black  tourmaline,  feldspar,  rose  guartM,  mtiie. 

Aroostook. — ^Red  hematite. 

kXTBTTRi^.'—LepidoUte^  amblygonite  {hebronite)^  green  tourmaline. 

Bath. — Vesuyianite,  garnet,  magnetite,  graphite. 

Bethel. — Cinnamon  garnet^  calcite,  sphene,  beryl,  pyroxene,  hornblende,  epidote, 
graphite,  talc,  pyrite,  arsenopyrite,  magnetite,  wad. 

BiNOHAM. — Massive  pyrite,  galenite,  blende,  andalnsite. 

Blub  Hill  Bat. — Arsenical  iron^  molybdenite/  galenite,  apatite/  fluorite/  black  tourma- 
line (Long  Cove),  black  oxide  of  manganese  (Osgood^s  farm),  rhodonite,  bog  manganese, 
wolframite. 

BowDoiN .  — Bose  quarts, 

BowDoiNHAM. — Beryl,  molybdenite. 

Brunswick. — Oreenmiea,  garnet/  black  tourmaline/  molybdenite,  epidote,  ealeite,  mtii* 
eodte,  feldspar,  beryl. 

Buckfield. — Garnet  (estates  of  Waterman  and  Lowe),  iron  ore,  mueeovite/  tourmaline/ 
magnetite. 

Gamdaob  Farm.— (Near  the  tide  mills),  molybdenite,  wolframite 

Camden. — Made,  galenite,  epidote,  black  tourmaline,  pyrite,  talc,  magnetite. 

Gaumel  (Penobscot  Go.)>— Btibnite,  pyrite,  maole. 

GoRiNNA. — Pyrite,  arsenopyrite. 

Beer  Isle. — Serpentine^  terd-antique,  asbestus,  diallage,  magnetite. 

Dexter. — Galenite,  pyrite,  blende,  chalcopyrite,  green  talc. 

Dixfield.  — Native  copperas,  graphite. 

East  Woodstock. — Muscovite. 

Farminoton. — (Norton^s  ledge),  pyrite,  graphite,  bog  ore,  garnet,  staurolite. 

Fr REPORT. — Rose  quartz,  garnet,  feldspar,  scapolite,  grapMte,  museovite. 

Frteburg. — Garnet,  beryl. 

Qeorqetown. — (Parker's  island),  beryl/  black  tourmaline. 

Greenwood. — Graphite,  black  manganese,  beryl/  arsenopyrite,  cassiterite,  mica,  rose 
quartz,  garnet,  corundum,  albite,  airoon,  molybdenite,  magnetite,  copperas. 

*  The  catalogue  is  essentially  the  same  as  that  published  in  the  5th  Edition  of  Dana's  Sys- 
tem of  Mineralogy,  1868.  The  names  of  a  considerable  number  of  new  localities  have  been 
added,  however,  which  have  been  derived  from  various  printed  sources,  and  also  from  private 
oontribntioDs  from  Prof,  d  J.  Brush,  Mr.  G.  W.  Hawes,  Mr.  J.  Willoox,  and  others. 
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ItEVBOK.—CassiteriUj  arsenopyrite,  idocraae,  lepidcUte,  ambfyganite  {hOranite)^  rtibeOiU/ 
indioolite,  green  tourmaline,  mica^  beryl^  apatite^  aUfite,  chUdrenUe^  eookBiU, 

Jewell*  8  Island.— Pyrite. 

Katahdin  Iron  Works. —Bog-iron  ore,  pyrite,  magnetite,  quarts. 

Letter  £,  Oxford  Go. — Staurolite,  made,  copperas. 

LiNNiEUS. — Hematite,  limonlte,  pyrite^  bog-iron  ore. 

LiTcnFiELD. — SodaUte,  cancrinite,  eUfolUe,  zircon,  spodnmene,  mnsooTite,  pynliotite. 

LuBEC  Lead  Mines.  -  OcUenite,  dialcopyrite,  blende. 

Machiasport.— «7a^;er,  epidote,  laomontite. 

Madawaska  Settlements. —  Vivianite. 

"ilLuiOT,— Beryl  smoky  quartz. 

Monmouth. — Actinolite,  apatite,  ekeoUte,  zircon^  stanrolite,  plumoee  mioa,  bexyl,  mtOa. 

Mt.  Abraham. — Andiilusite,  stanrolite. 

Norway. — Chrysoberyl!  molybdenite,  beryl^  rose  quartz^  erthoeUue,  cinnamon  garnet. 

Orr^s  Island. — Steatite,  garnet  andalnsite. 

Oxford. — Garnet ^  beryl,  apatite,  wad,  zircon,  museotfite,  orthodaee, 

FAms.-^Oreen/  red/  black,  atid  blue  tourmaUne/  nUoa/  lepidoUU/  feldspar,  attnte,  guarti 
crystaU  /  rose  quartz,  cassiterite,  amblygonite,  zircon,  brookite,  beryl,  smolqr  qoarts,  spodn- 
mene, cookeite,  lencopyrite. 

Parsonsfield. —  Vesufdanite  I  yeiUno  garnet^  pargasiU^  adularia,  tcapoUte,  galenite,  blende, 
ohaloopyrite. 

Peru —  Crystallized  pyrite, 

Phifpsburo.—  TeUaw  gametj  tnanganesian  garnet,  vetuvianits,  pargante,  aaniU^  ktumm^ 
ate  !  ohabazite,  an  ore  of  cerium  ? 

Poland.  — Yesuvianite,  smoky  quartz,  cinnamon  gametw 

Portland. — Prehnite,  actinolite,  garnet,  epidote,  amethys^  caldte. 

PowNAL. — Black  tourmaline,  feidf^r,  scapoUte,  pyrite,  actinolite,  apatite,  rose  quarts. 

Batmond. — Magnetite,  scapokte,  pyroxene,  lepidolite,  tremoUte,  hornblende,  epidote,  ortho* 
dase,  yellow  garnet,  pyrite,  yesuyianit^. 

BoCKLAND. — Hematite,  tremolite,  quartz,  wad,  taio, 

Bumford. — TeUow  garnet,  vesuvianite,  pyroxene,  apatite,  soapdite,  graphite. 

Butland. — Allanite. 

Sandy  Biver. — Auriferous  sand. 

Sanford,  York  Co. —  Vesuvianite  /  albite,  caldte,  molybdenite,  epidote,  black  tourmaline, 
labradorite. 

Searsmont. — Andalnsite,  tourmaline. 

South  Berwick.— Made. 

Standisii. — Cdumbite  I 

Streaked  Mountain. — Beryl!  black  tourmaline,  mica,  garnet, 

Thomabton.  —  Calcite,  tremolite,  hornblende,  sphene,  arsenical  iron  (Owl's  head),  Uack 
manganese  (Dodgers  mountain),  thomsonite,  talc,  blende,  pyrite,  galenite. 

ToPSHAM. — (Quartz,  galenite,  blende,  tungstite?  beryl,  apatite,  molybdenite,  columbite. 

Union. — Magnetite,  bog-iron  ore. 

Wales. — Axinite  in  boulder,  alum,  copperas. 

Water viLLE — Crystallized  pyrite. 

Windham  (near  the  bridge). — StauroUte,  spodumene,  garnet,  beryl,  amethyst,  eyanite^ 
tourmaline. 

Win  8LO  w.  — Cassiterite. 

WiNTUBOP. — Staurolite,  pyrite,  hornblende,  garnet,  copperas. 

Woodstock. — Graphite,  hematite,  prehnite,  epidote,  caldte. 

York. — Beryl,  vivianite,,  oxide  of  manganese. 

NEW  HAMPSHIBB. 

AcwoRTH. — Be)-yll I  mica  I  tourmaUne,  fddapar,  albite,  rose  quarts,  columbite/  oyanito, 
autunite. 

Alstead. — Mica/  /  albite,  black  tourmaline,  molybdenite,  andalnsite,  stanrolite. 

Amherst. —  Vesuvianite,  yellow  garnet,  pargasite,  calcite,  amethjrst,  magnetite. 

Bartlett. — Magnetite,  hematite,  brown  iron  ore  in  large  veins  near  Jackson  (on  *^  Bald 
face  mountain  ^'),  quartz  crystals,  smoky  quartz. 

Bath. — Galenite,  ohaloopyrite. 

Bedford. — Tremolite,  epidote,  graphite,  mica,  tourmaline,  alum,  quartz. 
^^Abllows  Falls. — Oyanite,  staurolite,  wavellite. 
^^■BaTOL.—  Graphite, 
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C  AMPTON.  — Beryl ! 

Canaan. — Gold  in  pyrites,  garnet 

Gharlkston. — SUiuraUte  maeie^  andaituiite  made^  bog-iron  ore,  prehnite,  cjanite. 

Cornish. — Stibnite,  tetrahedrite,  rutUein  quarU!  (rare),  UauroHte. 

Croydkn. — loUte!  chalcopjrite,  pyrite,  pjrrrhotite,  blende. 

Enfield. — Gold,  galenite,  staorolite,  green  quartz. 

Franceston. — Soapstondj  arsenopjrite,  quartz  crystals. 

Fran  CON  lA. — Hornblende^  stauroUte!  epldote/  zoisite^  hematite,  magnetite,  blaek  and  rdd 
manganesian  gamete,  orsenopyrite  {danaite),  ohalcopyrite,  molybdenite,  prebnite,  green 
quartz,  malacMte,  azurite. 

Gilford  (Gunstock  Mt.). — ^Magnetic  iron  ore,  native  *  loadstone.*' 

Goshen. — Oraipihite,  black  tourmaline. 

GiLMANTOWN.— TremoUte,  epidote,  mnscovite,  tourmaline,  limonite,  red  and  yellow 
quartz  crystals. 

Grafton. — Mka  !  (extensively  quarried  at  Glass  Hill,  2  m,  S.  of  Orange  Summit),  aSbiUi  f 
blue,  green,  and  yellow  beryls!  (1  m.  S.  of  O.  Summit)^  tourmaline,  garntte^  triphyUte,  apa- 
tite, fluorite. 

Grantham.—  Gray  staurciitef 

Groton. — Arsenopyrite,  blue  beryl,  muscovite  crystals. 

Hanover. — Garnet,  a  boulder  of  quirtz  containing- ru^ .'  black  tourmaline,  quartgj  oya^ 
nite,  labradorite,  epidote. 

Haverhill. — Garnet/  arsenopyrite,  native  arsenic,  galenite,  blende,  pyrite,  ohaloc^y- 
rite,  magnetite,  marcasite,  steatite. 

HiLLSBORO'  (Campbells  mountain). — Graphite. 

Hinsdale. — JihodonUe,  black  oxide  of  manganese,  molybdenite,  indicolite,  blaok  tour- 
maline. 

Jackson. — Drusy  quarts,  tin  ore,  arsenopyrite,  native  arsenic,  fluorite,  apatite,  magnetite, 
molybdenite,  wolframite,  chalcopyrite,  arsenate  of  iron; 

Jaffrby  (Monadnook  Mt.). — Cyanite,  limonite. 

Kbbnb. — Graphite,  soapstone,  milky  quartz,  rose  quarts. 

Landaff. — Molybdenite,  lead  and  iron  ores. 

Lebanon. — Bog-iron  ore,  arsenopyrite,  galenite,.  magnetite,  pyrite. 

LiABON. — Staurdite,  black  and  red  garnets,  granular  magnetite,  hornblende,  epidote,  widte^ 
hematite,  arsenopyrite,  galenite,  gold,  ankeritei. 

Littleton. — iSoikerite,  gold,  bomite,  chalcopyrite.  malachite,  menaocanite,  chlorite. 

Lyman. — Gold,  arsenopyrite,  ankerite,  dolomite,  galenite,  pyrite,  copper,  pyrrhotite. 

Lyme. — Cyanite  (N.  W.  part),  blaek  tourmaline,  rutile,  pyrite,  chalcopyrite  (E.  of  E.  vil- 
lage), stibnite^  molybdenite,  cassiterite. 

Madison. — Galenite,  blende,  chalcopyrite,  limonite. 

Merrimack. — BiUilef  (in  gneiss  nodules  in  granite  vein). 

Middleto  WN.  —JiutHe, 

Monadnook  Mountain. — Andalmrite,  hornblende,  garnet,  graphite,  tourmaline,  ortho- 
dase. 

MoosiLAUKR  Mt. — Tourmaline. 

MouLTONBOROUGH  (Red  Ki\\).—ndmbende,  bog  ore,  pyrite,  tourmaline. 

Newington. — Gam)et,  tourmaline. 

New  London. — Beryl,  molybdenite^  muscovite  ciystala. 

Nkwport  — Molybdenite. 

Orange. — Blue  beryls/  Orange  Summit,  chrysoberyl,  miea  (W.  side  of  mountain),  apatite, 
galenite,  limonite. 

Orford. — Brown  tourmaline  (now  obtained  with  difficulty),  steatite,  rutHe,  cyanite,  brown 
iron  ore,  native  copper,  malachite,  galenite,  garnet,  graphite,  molybdenite,  pyrrhotite,  mela- 
conite,  chalcocite,  ripidoUte, 

Peijiam. — Steatite, 

PiERMONT. — Micaceous  iron,  barite,  green,  white,  and  brown  mica,  apatite,  titanic  iron. 

Plymouth.— Columbite,  beryL 

Richmond. — loUte/  rutile,  steatite,  pyrite,  anthophyllite,  tola 

Rye.  — Chiastolite. 

Saddleback  Mt. — Black  tourmaline,  garnet,  spineL 

Shblburne. — Galenite,  black  blende,  e/ialcopyrite,  pyrite,  pyrolusite. 

Springfield.— Beryls  (very  large,  eight  inches  diameter),  manganesian  gamete/  k!aek 
tounnalirie  /  in  mica  slate,  aBite,  miea, 

SuLiiiYAN. — Toui'maHne  (black),  in  quartz,  beryL 

Surrey. — Amethyst,  oalcite,  galenite,  limonite,  tourmaline. 

SWANZET  (near  Keene). — Magnetic  iron  (in  masses  in  granite). 
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Tamworth  (near  White  Pond).— Galenite. 

Umttt  (estate  of  James  NesA).-— Copper  and  iron  pyrUet^  MorophfffUU^  green  mSca^  fia# 
ated  actiiioUte^  g^amet,  tUantferoiu  iron  ore^  magnetite^  touroialine. 

Walpolb  (near  Bellows  Falls). — Macle,  staarollte,  mica,  graphite. 

Wark  .—Graphite. 

\fKiM\KS.—Ghakopyrite^  bUnde,  epidote,  quarts,  pyrite^  tremeUU^  galerUte,   ruUle,  idk^ 
molybdenite,  cinnamon  stone  !  pyroxene^  hornblende,  heryl^  cjanite,  tourmaline  (maasiye). 

Watkrville — Labradorite,  chrysolite. 

Westmoreland  (south  part),— Molybdenite /  apatite/  blue  fddepar,  bog  manganeee  (north 
village),  quartz,  fluorite^  chalcopyrite,  oxide  of  molybdenum  and  uranium. 

White  Mts.   (Notch  near  the  ^*  Crawford  House  ^*). — Green  octahedral  flnorite,  qoaiti 
crystals,  black  tourmaline,  chiastolite,  beryl,  calcite,  amethyst,  amazonstone. 

Wilmot.— 5itfryt 

WmcHESTER.— Pyrolusite,  rhodochrosite,  psilomelone,  magnetite,  granular  qoazts,  qpodn- 
mene. 

VERMONT. 

Addison. — Iron  sand,  pyrite. 

Alburoh.  — Quartz  crystals  on  calcite,  pyrite. 

Athene — Steatite,  rhomb  spar,  actinolite,  garnet. 

Baltimore. — Serpentiney  pyrite! 

B  arnet.  —Graphite. 

Belyiderb. — Steatite,  chlorite. 

Bennington. — Pyroiusite,  brown  iron  ore,  pipe  clay,  yellow  ochre. 

Berksiiire. — Efndote,  hematite,  magnetite* 

Bethel. — Actinoiite!  talc,  chlorite,  octahedral  iron,  mtHe,  brown  spar  in  steatite, 

Brandon. — Braunite,    pyrolusite,   psilomdane,    limonite,  lignite,  white    clay,   statnaiy 
marble  ;  fossil  fruits  in  the  lignite,  graphite,  chalcopyrite. 

Brattleborough. — Black  tourmaline  in  quartz,  mica,  zoisite,  mtile,  actinolite,  acapdite, 
spodumene.  roofing  slate. 

Bridge  water. — Tale,  dolomite,  magnetite,  steatite,  chlorite,  gold,  native  copper,  blende, 
galenite.  blue  spinel,  chalcopyrite. 

Bristol. — RutHe,  limonite,  manganese  ores,  magnetite. 

Brookfield. — Arsenopyrite,  pyrite. 

Cabot. — Garnet,  staurolite,  hornblende,  aWile. 

Castleton. — Hoofing  slate,  jasper,  manganese  ores,  chlorite. 

Cavendish. — Garnet,  (terpentine,  talc,  steatite,  tourmaline,  asbestve,  tremolite, 

Chester. — Asbestus,  feldspar,  chlorite,  quartz. 

Chittenden. — Psilomelane,  pyrolusite,  brown  iron  ore,  hematite  and  magnetite^  galenite, 
iolite. 

Colchester. — Brown  iron  ore,  iron  sand,  jasper,  alum. 

Couinth.— Chalcopyrite  (has  been  mined),  pyrrhotite,  pyrite,  rutile,  quartz. 

Coventry.  —Rhodonite. 

Craftsbitry. — Mica  in  concentric  balls,  calcite,  mtile. 

Derby. — Mica  {tidamtdte). 

DUMMKUSTON. —Rutile,  roofing  slate. 

Fair  Haven.  —Roofing  slate,  pyrite. 

Fletcher. — Pyrite,  magnetite,  acicular  tourmaline. 

Grafton. — The  steatite  quarry  referred  to  Grafton  is  properly  in  Athens ;   quartt,  aoti« 
nolite. 

Guilford. — Scapolite,  mtile,  roofing  slate. 

Hartford. — Calcite,  pyrite!  eyanite  in  mica  slate,  quartz,  tourmaline. 

Irasburgh. — Rhodonite,  psilornelane. 

Jay.  —  Chromic  iron,  serpentine,  amianthus,  dolomite. 

LowEiiL. — PicroRmine,  amianthus,  serpentine,  cerolite,  talc,  chlorite. 

MarlboroV — Rhomb  spar,  steatite,  garnet,  magnetite,  chlorite. 

Mendon. — Magnetic  iron  ore. 

Middlebury.  —Zircon. 

Middlesex.- Eutile  I  (exhausted). 

Monkton. — Pyrolusite,  brown  iron  ore,  pipe  clay,  feldspar. 

>WK. — Smoky  quartz!  steatite,  talc,  wad,  mtile,  serpentine. 
IWN.  — Galenite. 

iT. — Asbestus,  chlorite. 
Glassy  and  asbestiform  actincUte,  steatite,  green  quarts  (called  chrysopnuH 
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at  the  locality),  chalcedony,  drusy  quarts,  gamety  chromic  and  titanic  iron,  rhomb  spar, 
■erpentine,  mtUe. 

Norwich.— ^c^'Twff^,  feldspar,  brown  apar  in  talc,  cyanite,  zoisite,  ohaloopyrite,  pyrite. 

FrrrsvonD. -^Broton  iron  ore,  manganese  ores. 

Plymouth. — Siderite,  magpietite,  hematite,  gold^  gfalenite. 

Plympton. — ^Massive  hornblende. 

Putney. — Fluorite,  brown  iron  ore^  nitile,  and  eoisite,  in  bonlders,  staurolite. 

Reading. — Glassy  actinolite  in  talc. 

Read8BORO\ — Glassy  actinoHtc,  steatite,  hematite. 

RiPTON. — Brown  iron  ore,  augite  in  bonlders,  octahedral  pyrite. 

BoCHESTER.—Rutile,  hematite  cryst. ,  magnetite  in  chlorite  slate. 

Rocking  HAM  (Bellows  Falls). — Cyanite,  indicolite,  feldspar,  toormaline,  flnorite,  caldtey 
jorehnite,  staurolite. 

RoxBURY. — Dolomite,  taie,  serpentine,  asbestus,  quarts. 

B.ZTi.KSD.—Magncsite,  white  marbUy  hematite,  serpentiiie,  pipe  day. 

Salisbury. — Brown  iron  ore. 

Sharon. — Quartz  crystais^  cyanite. 

Shoreham. — Pyrite^  black  marble,  calcite. 

Shrewsbury. — Magnetite  and  chalcopyrite. 

Starksboro*. — Brown  iron  ore. 

Stirling. — Chalcopyrite,  talc,  serpentine. 

Stockbridgb  — Arsenopyrite,  magnetite. 

Strafford. — Magnetite  and  dialcopyrite  (has  been  worked),  native  copper,  hornblende, 
copperas. 

Thetford.— Blende,  gaienitey  cyanite^  chrysolite  in  basalt,  pyrrhotite,  fMspar,  roofing 
sUUe^  steatite,  garnet. 

TowNSHEND. — ActinoUtCf  black  mica,  talc,  steatite,  feldspar. 

Troy, -^Magnetite,  talc,  serpentine,  picrosmine,  amianthus,  steatite,  one  mOe  southeast  of 
Tillage  of  South  Troy,  on  the  farm  of  Mr.  Pierce,  east  side  of  Missisco,  chromite,  saratite. 

Ye  REHIRE. — Pyrite^  chalcopyrite,  tourmaline,  arsenopyrite,  quarts. 

WARDSBORo'.—  ZcTMi^,  tourmaline,  tremolite,  hematite. 

Warren. — Actinolite,  magnetite,  wad,  serpentine. 

Waterbury. — Arsenopyrite,  chalcopyrite,  rutHe,  quarti,  serpentine. 

Waterville. — Steatite,  actinolite,  talc. 

Weathersfield.  —Steatite,  hematite,  pyrite,  tremolite. 

Wells'  River.— Graphibe. 

Westfirld. — Steatite,  chromite,  serpentine. 

Westminster. —rZoisite  in  boulders. 

Windham. — Glassy  aetinoUte,  steatite,  garnet,  serpentine. 

Woodbury. — Massive  pjrrite. 

Woodstock.  —Quartz  crystals,  garnet,  zoisite. 

MASSACHUSETTS. 

Alford. — Galenite,  pyrite. 

Athol. — AUanite,  fibrolite  (?),  epidote/  babingtonite  T 

Auburn. — Masonite. 

Barre. — RutHel  mica,  pyrite.  beryl,  feldspar,  garnet. 

Great  Barrinoton. — TremcMe. 

Bedford  . — Oamet. 

Belcherton. — AUanite. 

Bernardston. — Magnetite. 

Beverly. — Columbite,  green  feldspar,  cassiterite. 

Blanford. — Serpentine,  anthophylUte,  actinolite/  chromite,  cyanite,  rose  quartz  in' 
boulders. 

Bolton. — SeapcUte!  petaUte,  sphene,  pyroxene,  nuttalite,  diopside,  boUonite,  apatite,  asay  ' 
nesite.  rhomb  spar,  allanite,  yttrocerite  !  cerium  ochre  ?  (on  the  scapolite),  spinel 

BoxBOROUGH. — Scapolite,  spinel,  garnet,  augite,  actinolite,  apatite. 

Brighton.  — Asbestus. 

Brimfibld  (road  leading  to  Warren).— 7<rfi^,  adularia,  molybdenite,  mica,  garnet. 

Carlisle. — TourmaUne^ garnet!  scapolite,  actinolite. 

Charlestown.  —Prehntte,  laumontite,  stilbite,  chabazite,  quarts  crystals,  melanolite. 

Chelmsford. — Scapolite  (chelmafordite),  eh&ndrodite,  blu6  epind,  amianthus/  fomI 
quarts. 
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Ghrbtbr. — Hornblende^  scapcUtey  eoieUe^  spodumene,  indieoUte,  apatite,  magnetite,  duo* 
mite,  Btilbite,  healandite,  analcite  and  chabazite.  At  the  Emery  Mine,  Chester  Factories.^ 
Corundum,  margarite,  diaapore^  epidote.  conindophilite,  chloritoid,  tourmaline,  menacean- 
ite  !  rutile,  biotite,  indianite  ?  andesite  ?  eyamte,  amesite. 

Chest  RRFiBLD. — Blue,  green,  and  red  tourmaUne,  deavelandite  (albite),  lepidolit«,  imolq/ 
gtiartZy  microliter  apodumene,  cyanite,  apatite,  rose  beryl,  garnet,  quarU  eryetaU^  stauroUte^ 
cassiterite,  cohimbUe,  zoisite,  uranite,  brookite  (eumanite),  scheelite,  anthophyllite,  bornita. 

Conway.— Pyrolnsite,  flaorite,  zoisite,  mtHe  !  !  native  alum,  galenite. 

CuMHiNOTON. — Rhodonite!  oammingtonite  (hornblende),  marcaidte,  garnet, 

Dbdham. — Asbestns,  galenite. 

Dberpibld.— Chabazite,  heulandite,  stilbite,  amethyst,  camelian,  ohaloedonj,  ag^ie, 

FiTGHBURO  (Pearl  Hill). — Beryls  etauroUte/  garnets,  molybdenite. 

FoxBORouQH. — Pyrite,  anthracite. 

Franklin. — Amethyst. 

GosuKJi.— Mica,  albite,  apodumenef  blue  and  green  tourmaline,  beryl,  zoisite,  smokx  qnaitz, 
oolnmbite,  tin  ore,  galenite,  beryl  (goshenite),  pihlite  (cymatolite). 

Greenfield  (in  sandstone  quarry,  half  mile  east  of  village) .-7-Allophane,  white  and 
greenish. 

Hatfield.— Barite,  yellow  quartz  crystals,  galenite,  blende,  chalcopyrite. 

Hawley. — Mi/iaceoue  iron,  massive  pyrite,  magnetite,  zoisite. 

Heath. — Pyrite,  zoisite. 

Hinsdale.  — Brown  iron  ore,  apatite,  zoisite. 

HuBBARDSTON.  — Mauwe  pyrite, 

Lancaster. — Cyanite,  cJuaetoiitef  apatite,  staurolite,  pinite,  andaluaite. 

JjKE.—Tremolite/  sphene!  (east  part). 

Lenox. — Brown  hematite,  gfibbsite(?) 

L EVERETT. — Barite,  galenite,  blende,  chalcopyrite. 

Leyden. — Zoiifite,  nUile, 

LiTTLEFiELD. — Spinel,  soapolite,  apatite. 

Lynnfield. — Magnesite  on  serpentine. 

Martha's  Vineyard. — Brown  iron  ore,  amber,  selenite,  radiated  pyrite. 

Mendon.— AftV^/  chlorite. 

Middlefield. — Olaaey  aetinoUte,  rhomb  spar,  steatite,  $erpentine,  fddspar,  drosy  quaiti, 
apatite,  zoisite,  nacrite,  chalcedony,  tale/  deweylite. 

MiLBURY.  —  Vermi^uUte, 

Montague.  —Hematite. 

Newbury. — Serpentine,  chrysotile,  epidote,  massive  garnet,  siderite. 

Newburyport. — Serpentine^  nemalite,  uranite. — Argentiferous  galenite,  tetrahediite, 
chalcopyrite,  pyrargyrite,  etc. 

New  Braintree. — J^ck  tourmaline. 

NoHwiciL— Apatite/  black  tourmaUne,  beryl,  spodumene/  triphyUte  (altered),  blende, 
quartz  crystals,  cassiterite. 

Northfield.  —  Columbite,  fibrolite,  cyanite. 

Palmer  (Three  Rivers). — Feldspar,  prehnite,  calc  spar. 

Pelham. — Anbestue,  serpentine,  quartz  crystals,  beryl,  molybdenite,  green  JiojTisUme,  epidote, 
amethyst,  corundum,  vermiculite  (pelhamite). 

Plainfield.  —  Gvmmingtonite,,pyrolusite,  rhodonite. 

Richmond. —^ro?r/i  iron  ore,  gibbsite/  aUophane. 

RocKPORT. — Danalite,  cryaphyUite,  annite,  cyrtoUte  (altered  zircon),  green  and  white  ortho- 
dose. 

RowE. — Epidote,  talc. 

South  Royalston. — Beryl//  (now  obtained  with  great  diflSculty),  mica/  I  fddsparl 
allanitc.  Four  miles  beyond  old  loc,  on  farm  of  Solomon  Hey  wood,  wilfa  /  beryl  /  feldspar  I 
menaccanite. 

RU86EL  —  Schiller  spar  (diallage  ?),  mica,  serpentine,  beryl,  galenite,  chalcopyrite. 

SAiiEM. — In  a  boulder,  cancrinite,  sodalite,  eieeolite. 

Saugus. — Porphyry,  jasper. 

Sheffikld. — Anbestus,  pyrite,  native  alum,  pyrolusite,  rutile. 

SiiELBURNK— Rutile. 

Shutesbury  (east  of  Lockers  Pond). — Moiybdenite. 

Southampton. — Qalenite,  ceruasite,  angleeite,  wulfenite,  fluorite,  barite,  pyrite,  dhaloopy* 
rite,  blende,  corneous  lead,  pyromorphite,  stolzite,  chrysocolla. 

Sterling. — iSpodumene,  MastoUte,  siderite,  arsenopyrite,  blende^  galenite,  ohaloopyrit^ 
Pfrite,  sterlingite  (damourite). 

Btoneha  m.  —Nephrite, 
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Sturbbidge. —  Oraphite,  garnet,  apatite,  bog  ore. 

SwAMPflCOT.— OrtAiJd,  feldspar. 

Taunton  (one  mile  south). — Paracolombite  (titanic  iron). 

Turner's  Falls  (Conn.  River).— Ghalcopyrite,  prehnite,  chlorite,  Moro^haiU,  siderite 
loalachite,  magnetic  iron  sand,  anthracite. 

Tyringham.— Pyroxene,  scapolite. 

UxBRiDGB.— Galenite. 

Warwick. — Mwaive  yamet^  radiated  black  tounnaUfie^  magnetite^  beryl,  epidote. 

Washington. — ChraphUe. 

Westpield. — Schiller  spar  (diallage),  serpentins,  steatiU^  cjanite,  scapolite,  actinolite. 

Webtpord. — AndaitmU  / 

West  Hampton. — Galenite,  argentine,  pseudomorphaua  quartt. 

West  Springfield. — Prehnite^  ankerite,  satin  spar,  oelestite,  bitaminoiiB  ooaL 

West  Stockbrtdge. — Hematite^  fibrous  pjrolusite,  siderite. 

WnATELY. — Native  copper^  galenite. 

Williamsburg. —Zoisite,  pseudomorphous  quartz,  apatite,  rose  and  smoky  quartz,  galenite^ 
pyrolusite,  chalcopyrite. 

Williamsto WN . — CrpH.  qtiartM. 

Windsor. — Zaisite,  actinolite,  rutUe  / 

Wougestbr. — Arsenopyrite,  idocrase,  pyroxene,  garnet,  amianthas,  buchoLdte,  siderite, 
galenite. 

Worthington. — Cpanite, 

ZoAB. — Bitter  spar,  talc 

RHODE  ISLAND. 

Bristol. — Amethyst 

Coventry. — Mica,  tourmaline.  , 

Cranston.  —Actinolite  in  talc,  graphite,  cyanite,  mica,  melanterite,  bog  iron. 

Cumberland. — ManganesCy  eptdote,  actinoUte^  garnet,  titaniferous  iron,  magnetite,  red 
hematite,  chalcopyrite,  bomito,  malachite,  azurite,  calcite,  apatite,  feldspar,  zoisite,  mica, 
quartz  cryntals,  ilvaite. 

Diamond  Hill. — Quartz  crystals,  hematite. 

FoPTER. — Cyanite^  hematite. 

Gloucester. — Magnetite  in  chlorite  slate,  feldspar. 

Johnston. — Talc,  brown  spar,  calcite,  garnet,  epidote,  pyrite,  hematite,  magnetite,  chal- 
copyrite, malachite,  azurite. 

Lime  Bock. — Calcite  crystals,  quartz  pyrite. 

Lincoln. — Calcite  dolomite. 

Natic. — See  Warwick. 

Newport. — Serpentine,  quartz  crystals. 

Portsmouth  — Ant/iraeite,  graphite,  asbestus,  pyrite,  cbaloopyrite. 

Smithpield. — Dolomite,  calcite,  bitter  spar,  siderite,  naerite,  serpentine  (bowenite),  tremo* 
lite,  asbestus,  quartz,  magnetic  iron  in  chlorite  slate,  UiUe/  ootahedrite,  feldspar,  beryl. 

Valley  Falls. — Graphite,  pyrite,  hematite. 

Warwick  (Natic  village). — tiasonite,  garnet,  graphite,  bog  iron  ore. 

Westerly. — Menaccanite. 

Woonsocket.  — ;<]lyanite. 

CONNECTICUT. 

Berlin. — Barite,  datolite,  blende,  quartz  crystals. 

Bolton. — Stanrolite,  chalcopyrite. 

Bradleyyille  (Litchfield). — Laumontite. 

Bristol. — Ohtdcodte!  chalcopyrite,  barite,  hormte,  talc,  aUophane,  pyromorphite,  caldte, 
malachite,  galenite,  quartz. 

Brookpield. — Galenite,  calamine,  blende,  spodumene,  pyrrhotite. 

Canaan. — TremoUte  and  white  augit-el  in  dolomite,  canaanite  (massive  pyroxene). 

Chatham. — ^Arsenopyrite,  smaltite,  chloanthite  (ehathamite),  soorodite,  niooolite,  beryly 
crythrite. 

Cheshire. — Barite^  e/taleooite,  bornite  cryst,  malaehitey  kaolin,  natrcUte,  prehnite,  chaba* 
site,  datolite. 

Chester. — SUUmanite/  zircon,  epidote. 
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Cornwall.  —  OraphiU,  pproxene,  (ictinolUey  sphens^  iicapolite. 

Danbqkt. — DanburiU^  oUgodaMy  moonsUms,  brown  toiinnaline,  orthodaae,  pyxozeBi^ 
parathorite. 

Farmington. — PrehnUs,  chabaeUe,  agate,  native  copper  \  in  trap,  diabantiU. 

Grakbt. — Green  malachite. 

Greenwich. — Black  taurmaUne. 

Haddam. — Chrywheryl  !  beryl/  epidoUl  taurmaUne/  feldspar,  garru^/  iciUe!  cUffodtue, 
thloTophyllUe  /  automoUte,  magnetite,  advlaria,  apatite,  colwnbiie/  (hermannolite),  ziiooa 
(calyptolite),  mica,  pyrite,  marcasite,  molybdenite,  allanite,  bismnth,  biamuth  ochze,  bisma- 
tite. 

Hadlyme. — Ghabazite  and  stilbite  in  gneiss,  with  epidote  and  garnet. 

Hartford. — DatoUte  (Eookj  Hill  qnany). 

Kent. — Brown  iron  ore,  pyrolnsite,  ochj^j  iron  ore. 

Litchfield. — Cyanite  vrith  corondum,  apatite,  and  andalnsite,  menaeoanite  (washington- 
ite),  chalcopyrite,  diaspore,  nicooliferous  pyrrhotite,  margarodite. 

Lyme. — Garnet,  sonstone. 

Mrriden.  — ^Datolite. 

MiDDLBFiELD  FALLS. —Datolite,  chlorite,  etc.,  in  amygdaloid. 

MiDDLBTOWN. — Mtca,  lepidolite  with  green  and  red  tourmaline,  albiie,  feldspar,  eotumbite/ 
prehnite,  garnet  (sometimes  octahedral),  beryl,  topaz,  uranite,  apatite,  pitchblende ;  at  lead 
mine,  galenite,  chalcopyrite,  blende,  qnartz,  caldte,  fluorite,  pyrite,  sometimes  capillary. 

Milford. — Sahlite,  pyroosene,  aabestue,  zoisite,  verd-antique,  marble,  pyrite. 

New  Haven. — Serpentine,  asbestns,  chromic  iron,  sahlite,  stilbite,  prehnite,  chabaiite, 
gmelinite,  apophyllite,  topazalite. 

Newtown.— Cya/ii^tf,  diaspore,  rutile,  damoorite,  cinnabar. 

Norwich. — SiUimanite,  monazite  /  zircon,  iolite,  corundum,  feldspaz. 

Oxford,  near  Humphreys ville. — Cyanite,  chalcopyrite. 

Plymouth. — Galenite,  hetdandite,  fluorite,  c/ilorophyllite  /  garnet. 

Heading  (near  the  line  of  Danbury). — ^Pyroxene,  garnet, 

KoAUiNG  Brook  (Cheshire). — BatoUte  /  calcite,  prehnite,  saponite. 

BoxBURY. — Siderite,  blende,  pyrite/ /  galenite^  quarts,  chalcopyrite,  axsenopyzite,  limon- 
ite. 

Salisbury. — Brown  iron  ore,  ochrey  iron,  pyrolusite,  triplite,  turgite. 

Saybrook. — Molybdenite,  stilbite,  plumbago. 

Seymour. — Native  bismuth,  arsenopyrite,  pyrite. 

SiMSBURY. — Copper  glance,  green  malachite. 

SouTHBURY. — Rose  quartz,  laumontite,  prehnite,  calcite.  barite. 

Southington. — Barite,  datolite,  asteriated  quartz  crystals. 

Stafford. — Massive  pyrites,  alum,  copperas. 

Stonington. — Stilbite  and  cJuibazite  on  gneiss. 

Tariffvillb. — DatoUte. 

TiiATcnERSViLLE  (near  Bridgeport). — Stilbite  on  gneiss,  babingtonite  ? 

Tolland. — Staurolite,  massive  pyrites. 

Trumbull  and  Monroe. — Chlorophane,  topaz,  beryl,  diaspore,  pyrrhotite,  pyrite,  nicco- 
lite,  Rcheelite,  wolframite  (pseudomorph  of  scheelite),  rutile,  native  bismuth,  tungstic  acid, 
siderite,  mispickel,  argentiferous  galenite,  blende,  scapolite,  tourmaliney  garnet,  albite, 
augite,  graphic  tellurium  (?),  margarodite. 

Washington. — Triplite,  menaccanite/  (washingtonite  of  Shepard),  rhodochroaite,  natro* 
lite,  and/Uimte  (New  Preston),  cyanite. 

Watertown,  near  the  Naugatuck. — ^White  sahlite,  monazite. 

West  Farms. — Asbestus. 

Willimantic. — Topaz,  monazite,  ripidoiite. 

^VINCIIESTER  and  Wilton. — Asbestus,  garnet. 


NEW  YORK. 

ALBANY  CO.— Bethlehem. — Calcite,   stalactite,   stalagmite,   calcareous  sinter,   snowy 
gypsum. 
Cobyman's  Landing. — Gypsum,  epsom  salt,  quartz  crystals  at  Crystal  Hill,  three  milei 
of  Albany. 

ILAND.  — Petroleum,  anthracite,  and  calcite,  on  the  banks  of  the  Norman^s  Kill| 
south  of  Albany. 
rxiET. — Quartz  crystals,  yellow  drusy  quarti. 
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ALLEGHANY  GO. — GUBA. — Galoareous  tufa,  petroleum,  3^  miles  from  the  Tillage. 

CATTARAUGUS  CO.— Fbeedom. —P«trofeum. 

CAYUGA  CO.— Auburn. — Celestite,  calcite,  fluorspar,  epsomite. 

Cayuga  Lake. — Sulphur. 

LuDiX)WViLLB. — Epsomite. 

Union  Spkinos. — Sdenite,  gypsum. 

Sprinqport. — At  Thompson's  plaster  beds,  sulphur/  sdenits, 

Sprxnqvillb.— Nitrogen  springs. 

CLINTON  CO.— Arnold  Iron  Mine — MagneUU^  epidote,  molybdenite. 
Finch  Orb  Bed. — CalcUe^  green  and  purple  fluor. 

CHATAUQUE  CO.— Fredokia. —Ptftnofeum,  carburetted  hydrogen, 
Laon  A  — Petroleum. 
Sheridan.  —Alum. 

COLUMBIA  CO. — AusTBRLiTZ.— jB^r£Ay  manganese^  wulfenite,  chalcocite ;  LiTingston 
lead  mine,  vitreous  eilver  ? 

Chatiiam. — Quartz,  pjrite  in  cubio  crystals  in  slate  (Hillsdale). 

Canaan. — Chalcocite,  chalcopyrite. 

Hudson.  — Epidote,  seUnite  I 

New  Lebanon. — Nitrogen  springs,  graphite,  anthracite ;  at  the  Ancram  lead  mine,  galen- 
ite,  barite,  blende^  wulfenUe  (rare),  chalcopyrite,  calcareous  tufa ;  near  the  city  of  Hudson, 
epeom  salt,  brown  spar,  wad, 

DUTCHESS  CO.— Amenia.— Dolomite,  Umonite^  turgiU. 
Beckman. — Dolomite, 

Dover. — Dolomite,  tremolite,  garnet  (Fobs  ore  bed),  staurolite.  Umonite, 
FisuKiLL. — Dolomite ;  near  Peckville,  talc,  asbestus,  grap/iite,  homblendey  angite,  aeHno^ 
lUe^  hydrous  anthophyllite,  Umonite. 
North  East. — Chalcocite,  chalcopyrite,  galenite,  blende. 
Pawling. — Dolomite. 

Bhinebeck. — Caloite,  green  feldspar,  epidote,  tourmaline. 
Union  Yale. — At  the  Clove  mine,  gibbkte,  Umonite, 

ESSEX  CO. — Alexandria. — Kirby^s  graphite  mine,  graphite,  pyroxene,  scapoUte,  sphene. 

Crown  Point. — Apatite  (eupyrchroite  of  Emmons),  brown  tourmaiine/  in  the  apatite, 
chlorite,  quartz  crystals,  pink  and  blue  calcite,  pyrite ;  a  short  distance  south  of  J.  C.  Ham- 
mond's house,  garnet,  scapoUte,  chalcopyrite,  aventurine  fddapar,  zircon,  magaetie  iron  (Peru), 
epidote,  mica. 

Kerne. — Scapolite. 

Lewis. — Tabular  spar,  colophonUe,  garnet,  labradorite,  hornblende,  actinolite;  ten  miles 
south  of  the  village  of  KeesevUle,  mispickel. 

LoNO  Pond. — Apatite,  garnet,  pyroxene,  idocrase,  coccoUte/  /  eeapolUe,  magnetite,  blue 
ecUeite. 

McIntyre. — Labradorite,  garnet,  magnetite. 

Mori  ah,  at  Sandford  (.)re  Bed. — Magnetite,  apatite,  aUanite!  lanthanite,  actinolite,  and 
feldspar ;  at  Fisher  Ore  Bed,  magnetic  iron,  feldspar,  quartz;  at  Hall  Ore  Bed,  or  **New  Ore 
Bed,"  magnetite,  zircons ;  on  MUl  brook,  calcite^  pyroxene,  hornblende,  albite ;  in  the  town 
of  Moriah,  magnetite,  black  mica  ;  Barton  Hill  Ore  Bed,  albite. 

Newcomb. — Labradorite,  feldspar,  magnetite,  hypersthena 

Port  Henry. — Brown  tounnaUne,  mica,  rose  quartz,  serpentine,  green  and  black  pyroxene, 
hornblende,  cryst.  pyrite,  graphite,  wollastonite,  pyrrhotite,  adularia  ;  p/dogopite  I  at  Cheevex 
Ore  Bed,  with  magnetite  and  serpentine. 

Roger's  Kock. — GhrapMte,  wollastonite,  garnet,  eohphonite,  feldspar ^  sAxjIbxio.,  pyroxene^ 
spliene,  coccoUte. 

ScHROON. — Calcite,  pyroxene,  ehondrodite, 

TicoNDEROOA. — Graphite/  pyroxene,  sahUte,  sphene,  black  tourmaline,  cacoxene?  (Mtb 
Defiance). 

Westport. — Labradorite,  prehnite,  magnetite. 

WiLLSBORO*. —  Wollastonite,  eohphonite,  garnet,  green  oooooUte,  hornblende. 

ERIE  CO.— Ellicott*s  ^iLLa,^Calcareous  tufas. 
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FRANKLIN  00.— OHATEAVOAT.—Nitrogen  spiinga,  oaloazeoos  tofML 
Malonb. — Mcuahe  pifrUe^  magnetite. 

GENESEE  CO. — Add  iprings  oontaioing  sulphurio  acid. 

GREENE  CO.— Oatskill.— (7ateiY«. 
Diamond  Hill. — Quartz  crystaU. 

HERKIMER  CO.— FAmFiKhJ}.- -Quartz  crystaU,  fetid  barite. 

Little  FALLa — Quartz  crystaiaf  barite,  calcite,  anthracite,  pearl  spar,  imoki/  quarU, 
one  mile  Bouth  of  Little  Falls,  calcite.  brown  spar,  feldspar. 
MiDDiiEViLLB. — Quartz  crystals  /  raJlcUe^  brown  and  pearl  spar,  anthracite. 
Newport. — Quartz  erystaHs. 

Salisbury. — Quartz  crystals  !  blende,  galenite,  pyrite,  chalcopyrite. 
Stark. — Fibrous  celestite,  gypsum. 

HAMILTON  CO.— Long  Lake.— Blue  calcite. 

JEFFERSON  CO.— Adams.- Fluor,  calc  tufa,  barite. 

Alexandria. — On  the  S.E.  bank  of  Musoolooge  Lake,  fluorite,  phlogapite^  cbalcopTrite, 
apatite ;  on  High  Island,  in  the  St.  Lawrence  River,  feldspar,  tourmaline,  hornblende,  oi'tAo' 
^ase,  celestite. 

Antwerp. — Stirling  iron  mine,  hematite,  eJialcodite^  siderite,  miUerite,  red  TiematiU,  ays 
tallized  quartz,  ydUno  aragonite,  nicooliferous  pyrite.  quartz  crystals,  pyrite  ;  at  Oxbow,  cal- 
cite/ porous  coralloidal  heavy  spar;  near  Vrooman^s  lake,  calcUef  vesuvianite,  phlogopite! 
gproxenCy  sphene,  fluorite,  pyrite,  cbalcopyrite  ;  tdao  feldspar^  bog-iron  ore,  scapolite  (farm  of 
ayid  Eggleson),  serpentine,  tourmaline  (yellow,  rare). 

Brownsville. — Celestite  in  slender  crystals,  calcite  (four  miles  from  Watertown). 

Natural  Bridge. — Feldspar,  gieseckite!  steatite  pseudomorphous  after  pjioxene^  apatite. 

New  Connecticut. — Sphene,  brown  phlogopite, 

Omar. — Beryl,  feldspar,  hematite. 

Philadelphia. — Garnets  on  Indian  river,  in  the  village. 

Pamelia. — Agaric  mineral,  calc  tufa. 

Pierrepont. — Tourmaline,  sphene,  scapolite,  hornblende. 

Pillar  Point. — Mansioe  barite  (exhausted). 

Theresa. — Fluorite,  calcite,  hematite,  hornblende,  quartz  crystals,  serpentine  (associated 
with  hematite),  celestite,  strontianite  ;  the  Muscolonge  Lake  locality  of  fluoris  exhausted. 

Watertown. — IVemoiUe^  agaric  mineral,  calc  tuta,  celestite. 

WiLNA. — One  mile  north  of  Natural  Bridge,  calcite. 

LEWIS  CO. — Diana  (localities  mostly  near  junction  of  crystalline  and  sedimentary  rocks, 
and  within  two  miles  of  Natural  Bridge). — ScapoUtef  wollastonite,  green  coccoUte,  jMxpar, 
tremolite,  pyroxene  !  sphene.!  !  mica,  quartz  crystals,  drusy  quartz,  cryst.  pyrite,  pyrrhotit*^, 
Hue  calcite^  serpentine,  rensselaerite^  zircon,  graphite,  chlorite,  hematite,  bog- iron  ore,  irou 
sand,  apatite. 

Greig. — Magnetite,  pyrite. 

LowviLLE. — Calcite,  fluorite,  pyrite,  galenite,  blende,  calc  tufa. 

Martinsburgh. — Wad,  galenite,  etc.,  but  mine  not  now  opened,  calcite, 

Watson,  Bremen. — Bog-iron  ore. 

MONROE  CO. — Rochester. — Pearl  spar ^  calcite,  snowy  gypsum,  fluor,  celestite,  galeniie, 
blende,  barite,  homstone. 

MONTGOMERY  CO.— Canajoharie.  —Anthracite. 

Palatine. — Quartz  crystals,  drusy  quartz,  anthracite,  homstone,  ag^te.  garnet. 

Boot. — Drusy  quartz,  blende,  barite,  stalactite,  stalagmite,  galenite.  pyrite. 

NEW  YORK  CO. — Corlbar*8  Hook. — Apatite,  brown  and  yellow  feldspar,  sphene. 
KiKOSBRiDGB.  —  TrcmoUte,  pyroxene,  mica,  tourmaline,  pyrites,  rutile.  dolomite. 

•RIC. — Epidote,  apophyllite,  stilbite,  tourmaline,  vivianite.  lamellar  feldspar,  mica. 
^ — iierpenttne,  amianUius,  actinolite,  pyroxene^  hydrous  anthophyllite,  garnet, 
"  ^bdeuite,  graphite,  cfUorite,  jasper,  necronite,  feldspar.    In  the  excavations  foi 
lel,  lb75,  liarinotoine,  stilbite,  ohabazite,  heulandite,  etc. 
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'NIAGARA  CO.^hJ&wimov, ^BpwmiU. 

LocKPOiiT.  ^CeUttUe,  ccUdte,  tdmite,  anhydrite,  fluorUe^  dolomite,  Mendi. 

Niagara  Faiaa-  -CaleiU,  floorite,  blende,  doltmiU, 

ONEIDA  CO—BooNViLLE.— (7/ifcfte,  fooUastonUe,  ooccofiU. 

Clinton. — Blende,  knUculvr  argiUnceoae  iron  ore;  in  rocks  of  the  Clinton  Group,  ttronti 
anite,  celeRtite«  the  former  oovering  the  latter. 

ONONDAGA  CO.--CAifiLLU&— Sflfo/wttf  BSidi  fibrous  gi^paum. 

Cold  Spuinq. — Axinite. 

Manlius. — Oypsum  and  flnor. 

Stuacusb. — Serpentine^  celeetite,  selenite,  barite. 

ORANGE  CO. — Cornwall. — Zircon,  ehondrodite,  hornblende^  epind,  meusive  feidepar^ 
fibrous  epidote,  hudRonite,  menaocanite,  serpentine,  cocoolite. 

Deer  Park. — Cryst.  pyrite,  galenite. 

Monroe. — Mica  I  spJiet^!  garnet,  colophonite,  epidote,  chondrodite,  aUanite,  bacholzite, 
brown  spar,  spinel,  hornblende,  talo,  menaccanite,  pyrrJioUte,  pyrite,  ohromite,  graphite,  ras- 
tolyte,  moroD elite. 

At  WiLKS  and  O^Neil  Mine  in  Monroe. — Aragfonite,  magnetite,  dimagnetite  (pseud.  ?),  jen- 
kinsite,  asbestos,  serpentine,  mica,  horUmoUie, 

At  Two  Ponds  in  Monroe. — Pyroxene!  cfiandrodite,  TiombUnde,  soapoUte/  nroon,  sphene, 
apatite. 

At  Greenwood  Furnace  in  Monroe. — Ohondroditt,  pyroxene /  mica,  homtlende,  spinel, 
icapoUte,  biotite!  menaccanite. 

At  Forest  of  Dean. — Pyroxene,  spind,  ziroon,  scapolite,  hornblende. 

Town  op  Warwick,  Warwick  Villaob. — Spinel /  uroon,  serpentine/  brown  spar,  pyrox- 
tne!  Jwmblendel  pseadomorphous  steatite,  fddspar  /  (Rock  Hill),  menaccanite,  eUntonite, 
tourmaline  (R.  H. ),  rutHe,  sphene,  molybdenite,  arsenopyrite,  marcasibe,  pyrite,  yellow  iron 
sinter,  quartz,  jasper,  mica,  cocoolite. 

Amity. — Spinel/  garnet,  scapcUte,  hornblende,  vesuvianite,  epidote/  oUntonite/  magnetite, 
tourmtiUne.  warwickite,  apatite,  ehondrodite,  talc/  pyroxene/  rutile,  menaccanite,  ureon, 
corundum,  feldspar,  sphene,  calcite,  serpentine,  schiller  spar  (?),  silvery  mica. 

EoENViLLE. — Apatite.  cliondrodUe  /  Jiair-brown  /lornblende/  tremolite,  spinel,  tourmaline, 
warwickite,  pyroxene,  sphene,  mica,  fddspar,  mispiekd,  orpiment,  rutile,  menaccanite,  score- 
dite,  chalcopyrite,  leucopyrite  (or  loUingite),  allanite. 

West  Fowt.^ Fddspar,  mica,  scapolite,  spTiene,  hornblende,  allanite. 

PUTNAM  CO.— Brewster,  Tilly  Foster  lronMme.—Ohondrodite /  (also  humite  andolino- 
humite)  crystals  very  rare,  magnetite,  dolomite,  serpentine  pseudomorpfis,  brucite,  enstatite, 
ripidolite,  biotite,  actinolite,  apatite,  pyrrhotite.  fluorite,  albite,  epidote,  sphene. 

Carmel  (Brown* s  quarry). — Anthophyllite,  schiller  spar  (?),  orpiment,  arsenopyrite,  epi* 
dote. 

Cold  Spring. — Chabazite,  mica,  sphene,  epidote. 

Patterson. —  WlUti  pyroxene  /  calcite,  asbestos,  tremolite,  dolomite,  massive  pyrite. 

Phillipstown. — TremoUte,  amiant/ius,  serpentine,  sphene,  diopside.  green  cocoolite,  horn- 
blende, scapolite.  stilbite,  mica,  laumontite,  gurhofite,  calcite,  magnetite,  chromite. 

Phillips  Ore  Bed. — Hyalite,  acUnoUte,  massive  pyrite. 

RENSSELAER  CO.— HoosiC— Nitrogen  springs. 
LANsiNOBnRGH. — Epsomitc.  quarts  crystals,  pyrite, 
T'RO^.— (Quartz  crystals,  pyrite,  selenite. 

RICHMOND  CO.— RosaviLLB.— Lignite,  eryst.  pyrite. 

Quarantine. — Asbestus,  amianthus,  aragonite,  dolmite,  gurhofite,  braoito,  serj^ntine^ 
Udc,  magnesite. 

ROCKLAND  CO. —Caldwell.— CWwtd. 

GRA8.SY  Point. — Serpentine,  actinolite. 

Haverbtraw.— ir(?rn6^d<;,  barite. 

Ladentown. — Zircon,  malachite,  cuprite. 

PiERMONT.  — Datolite,  stilbite,  npophyllite,  stollite,  prehnite,  thomsonite,  oaloitepohabazite. 

Stony  Point. — CeroUte,  lamellar  hornblende,  asbestus. 
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ST.  LAWRENCE  CO.— Canton.— ITom/v^  pyritSy  eoMts^  brown  toozmaline,  tpkene^  Hr* 
perUiney  talo,  renssdaerits,  pyroxene,  hematite,  chalcopyrite. 

Dekalb. — Hornhknde^  barite,  fluoritey  tremoUte,  tourmaiine^  blende,  graphite,  pyroxeiie, 
qnartz  (Bpongy),  serpentine. 

Edwards.  — Brown  and  silver*/  mica  /  acapolite,  apatite,  quartz  cryttaiB^  actinolite,  tteno- 
lUel  hematite,  serpentine,  magnetite. 

Fink. — Blaik  mica^  hornblende. 

Fowler. — Barite^  quartz  crystals  /  hematite,  blende^  galenite,  tremolite,  chaloedonj,  bog 
ore.  satin  spar  (assoc  with  serpentine),  pyrite,  chalcopyrite,  actinolite,  rensselaeriU  (near 
Somerville). 

QovyERNEVR.—Calcit6/  serpentine/  homUende!  seapoUte!  arthoeiase^  taurmaUne/  ido- 
erase  (one  mile  south  of  G.),  pyroxene,  malacolite,  apatite,  rensselaerite^  serpentine,  spheiu^ 
fluorite,  barite  (farm  of  Judge  Dodge),  black  mica^  phlogopite,  tremcUU!  asbestos,  hematite, 
graphite,  vesayianite  (near  Somerville  in  serpentine),  spinel^  houghite,  scapolite,  phlogopite, 
dolomite  ;  three-quarters  of  a  mile  west  of  Somerville,  chcmdrodite,  spinel ;  two  miles  north 
of  Somerville,  apatite,  pyrite,  broicn  tourmaUne!  ! 

Kam^osv.— Apatite/  zircon/  (farm  of  Mr.  Baxdy),orthoelase(ioxocaBe),  pargoiiU^  barite, 
pjrrite,  purple  fluorite,  dolomite. 

Hermon. — Quartz  crystals^  hematite,  siderite,  pargasite,  pyroxene,  serpentine,  toorma- 
line,  bog-iron  ore. 

Macomb. — Blende,  mica,  galenite  (on  land  of  James  Averil).  sphene. 

Mineral  Point,  Morristown. — Fluorite,  blende,  galenite,  pfdogopite  (Pope^s  Mills),  barite. 

OoDEN  8BURO.  — Labradorite. 

PlTCAiRN. — Satin  spar,  associated  with  serpentine. 

Potsdam. — Hornblende  /^ight  miles  from  Potsdam,  on  road  to  Pierrepont,  fddtparj 
tourmaline,  black  mica,  hornblende. 

Ros^iE  (Iron  Mines). — Barite,  hematite,  coralloidal  aragonite  in  mines  near  Somerrille, 
limonite.  quartz  (sometimes  stalactitio  at  Parish  iron  mine),  pyrite,  pearl  spar. 

RossiE  Lead  Mine. — Citleite/  galenite/  pyrite,  celestite,  chalcopyrite,  hematite,  oemsaite, 
anglesite,  octahedral  fluor,  black  pfdogopite. 

Elsewhere  in  RossiE. — Galcite^  barite,  quartz  crystals,  chondrodite  (near  Yellow  Lake), 
fddspar /  pargasite/  apatite,  pyroxene^  hornblende,  sphene,  zircon,  mica,  fluorite,  serpen- 
tine, automolite,  pearl  spar,  graphite. 

BussEii. — Pargasite,  specular  iron,  quartz  (dodec),  oaldte,  serpentine,  rensselaerite^ 
magnetite. 

SARATOGA   CO.— GhkenvieJjD.— Clirysob&f^l/   garnet/    tourmaUne/    miccL,  feldspar, 

apatite,  graphite,  aragonite  (in  iron  mines). 

SCHOHARIE  CO.— Ball's  Cave,  and  otherfi.— Calcite,  stalactites. 

Carlisle. — Fibrous  barite^  crynt.  and  jib.  calcite. 

Middlebury. — Anthracite,  calcite. 

Sharon. — Calcareous  tufa. 

ScnoiiARiE. — Fibrous  celestite,  strontianite  /  cryst.  pyrite/ 

SENECA  CO. — Canooa. — Nitrogen  springs. 

SULLIVAN  CO. — yixjwzBO'Ro\— Galenite,  blende,  pyrite^  chalcopyrite. 

TOMPKINS  CO.— Ithaca.— Calcareous  tufa. 

ULSTER  CO.— Ellenville. — Oalenite^hleude,  chalcopyrite/  quartz,  broMte. 
Marbletown. — Pyrite. 

WARREN  CO.  — Caldwell. — Massive  fddspar. 

Chester. — Pyrite,  tourmaline,  rutile,  chalcopyrite. 

Diamond  Isle  (Lake  George). — Caldte,  quartz  crystals. 

Glenn's  Falls.- Rhomb  spar. 

JOHNSBURG. — Fluorite/  zircon/  /  graphite,  serpentine, pyrite. 

NGTON  CO. — Fort  Ann. — Graphite,  serpentine. 
lle. — LameUar  pyroxene,  massive  feldspar,  epidote. 

CO.— WoLCOTT. — Barite. 
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WESTGHESTFR  CO.— Anthony's  ^oBE.^ApatUe^  pynte,  ealeUe!  in  very  lazge  tabnlAS 
cr^'stalB,  grouped,  aud  sometimes  incniBted  with  dnusy  qiiarts. 

Davenport's  Neck. — SetT>entine^  garnet,  sphene. 

Eastchesteiu — Blende,  pyrite,  chidcopyrite,  dolomite. 

Hastings. — TrcmoUte,  whiU  pyroxene. 

New  Rochelle. — Serperdine^  brucite,  quaitz,  mica^  tremolite,  garnet,  magnesite. 

Peekskill. — Mica,  feldspar,  hornblende,  stilbite,  sphene;  three  miles  south,  emery. 

Rye. — /Serpentine,  cJdorite,  Uack  tourmaline^  tremolite. 

SiNGSiNG. — Pyroxene,  tremoUte,  pyrite^  beryl,  azurite,  green  malaohite,  cemssite,  pyromor 
phite,  anglesite,  vauquelinite,  galenite,  native  silver,  chalcopyrite. 

West  Farms. — Apatite,  tremolite,  garnet,  stilbite.  heulandite,  chabazite,  epidote,  sphene. 

Tonkers — Tremolite,  apatite,  calcite,  tJiaXcite,  pyrite,  tourmaline. 

YouKTOWN. — tSiUimanite,  mdjiuizUe,  magnetite. 

NEW  JERSEY. 

Andoyer  Iron  Mine  ( Sussex  Co.). — Willemite,  brown  garnet. 

Allkktown  (Monmouth  Co.). —  Vivianite,  dufrenUe, 

Belville. — Copper  mines. 

Bergen. — Caidte/  datolUe!  pectoUte  (called  stellite)  I  amUcUe,  apophyUUel  grndiniU^ 
preJtnite,  sphene,  stilbite,  natrolite,  heulandite,  laumontite,  chabazite,  pynte,  pseudomorphout 
steatite,  imitative  of  apophyllite,  diabantite. 

Brunswick. — Copper  mines;  native  copper,  maiachite,  maurUain  leather, 

Bryam. — Chondroditc,  spinel,  at  Roseville,  epidote. 

Cantwell's  Bridge  (Newcastle  Co.),  three  miles  west. — ^Vivianite. 

Danville  (Jemmy  Jump  Ridge). — Graphite,  chondrodite,  augite,  mica. 

Flemington. — Copper  mines, 

Frankfort. — Serpentine. 

Franklin  and  Sterling. — Spinel/  garnet/  rhodonite/  wiUemite/  franklinite/  nncUe/ 
dyduite/  hornblende,  tremoUte,  e/iondrodite,  white  scapoUte,  black  lourmaUne,  epidote,  pink 
calcite,  mica,  actinolite,  augite.  sahlite,  coccolite,  asbestus,  jeffersonite  (augite),  calamine, 
graphite,  fluorite,  beryl,  galenite,  serpentine,  honey-colored  sphene,  quartz,  chalcedony, 
amethyst,  zircon,  molybdenite,  vivianite,  tephroite,  rhodochrosite,  aragonite.  sussexite,  chaL- 
cophanite,  roepperite,  calcozincite,  vanuxemite,  gahnite.     Also  algerite  in  gran,  limestone. 

Franklin  and  Warwick  Mts. — Pyrite, 

Greenvrook. — Copper  mines. 

Griggstown. — Copper  mines. 

Hamburgh. — One  mile  north,  spind  /  tourmaline,  phlogopite,  hornblende,  limonite,  hematite. 

HoBOKEN. — Serpentine  (marmolite),  brucite,  nemaUte  (or  fibrous  bruoite),  aragonite,  dolo* 
mite. 

HuRDSTOWN. — Apatite,  pyrrhotite,  magnetite. 

IMLEYTOWN. — ^Vivianite. 

LocKWooD. — Graphite,  chondrodite,  taie,  augite,  quartz,  green  spinel, 

Montvillk  (Morris  Co.). — Serpentine,  c/irysotHe. 

MuLLiCA  Hill  (Gloucester  Co.). —  Vivianite  lining  belenmites  and  other  fossils. 

NEWTON. — Spinel,  blue,  pink,  and  white  corundum,  mica,  vesuvianite,  /lomblende,  tourma- 
Une,  scapolite,  rutile,  pyrite,  talc,  calcite,  barite,  pseudomorp/unis  steatite. 

Paterson.  — Datolite. 

Ykrnon. — Serpentine,  spinel,  hydrotalcite. 

PENNSYLVANIA.* 
ADAMS  CO. — Gettysburg. — ^Epidote,  fibrous  and  massive. 

BERKS  CO. — Morgantown. — At  Jones's  mines,  one  mile  east  of  Morgantown,  green 
malachite,  native  copper,  ehrysocoUa,  magnetite,  allophane,  pyrite,  chalcopyrite,  aragonite, 
apatite,  talc ;  two  miles  N.E.  from  Jones's  mine,  graphite,  sphene;  at  Steele's  mine,  on€ 
mile  N.W.  from  St.  Mary's,  Chester  Co.,  magnetite,  micaceous  iron,  coccolite,  brown  garnet. 

Reading. — Smoky  quartz  crystals,  zircon,  stilbite,  iron  ore,  near  Pricetown,  zircon,  allan* 
ite,  epidote ;  at  Eckhardt's  Fximace,  cUlanite  with  zircon  ;  at  Zion's  Church,  molybdenite  ; 

*  See  also  the  Report  on  the  Mineralogy  of  Pennsylvania,  by  Dr.  F  A.  Genth,  1870. 
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near  Kutztown,  in  the  Giystal  Cave,  stalaotiteB ;  at  Fritz  Islaod,  apoph$flUtA  thomBonite,  eMa 
\Ue,  caldte,  aznrite,  maloMte,  magnetite,  ohaloopyiite,  stibnite,  prochlorite,  poneoioai  Mr 
pentine. 

BUCKS  CO. — BnCKiNonAM  Township.— Crystallized  qnartz;  near  New  Hope,  reniTiaa- 
ite.  epidote,  barite. 

Southampton. — Near  the  village  of  Feasterville,  in  the  qnarry  of  Georgo  Van  Aradak; 
grapfUUy  pyroxene,  sahlite,  coccoUte,  spheney  green  mioa,  oaldte,  tDoUastaniU^  glaa^y  f^ 
Bpar  sometimes  opalescent,  phlogopite,  Mtis  quartz^  garnet,  zircon,  pyrite,  moroxite,  Bcapdite 

New  Britain. — Dolomite,  galenite,  blende,  malachite. 

CARBON  CO.— Summit  Hill,  in  coal  mmM.—KaoUniU, 
CHESTER  CO.— AvoNDALE.— Asbestns,  tremolite,  garnet,  opaL 

BiBMiNGHAM  TOWNSHIP. — ^Amethyst,  smoky  quartz^  serpentine,  beryl ;  in  AVm  Dadinf- 
ton^s  lime  quarry,  oalcite. 

East  Bradford. — Near  Buffington^s  bridge,  on  the  Brandywine,  green,  bine,  and  gray 
cyanite,  the  g^ay  cyanite  is  found  loose  in  the  soil,  in  crystals ;  on  the  farms  of  Dr.  Elwyn, 
Mrs.  Foalke,  Wm.  Gibbons,  and  Saml.  Entrikin,  amethyst.  At  Strode's  mill,  asbestus.  mag- 
nesite,  anthopbyllite,  epidote,  aqnacrepitite,  oligoclase,  dmsy  quartz,  coUyrUef  on  0»- 
bome*s  Hill,  ijoad^  mangan^sian  garnet  (massive),  sphene^  schorl ;  at  Caleb  Cope's  lime  qnany, 
fetid  dolomite,  necronite,  garnets,  blue  cyanite,  yettow  aetincUte  in  tale/  near  the  Black 
Horse  Inn,  indurated  talc,  rutiJe ;  on  Amor  Davis*  farm,  ortMte!  massive,  from  a  grain  to 
lumps  of  one  pound  weight ;  near  the  paper-mill  on  the  Brandywine,  ureon^  associAted  with 
titaniferous  iron  in  blue  quartz. 

West  Bradford. — Near  the  village  of  Marshalton.  green  cyanite,  mtile,  scapolite,  pyrite, 
staurolite;  at  the  Chester  County  Poor-house  limestone  quarry,  chesterUtef  in  oryatals  im- 
planted on  dolomite,  rutHe  !  in  brilliant  acicular  crystals,  which  are  finely  terminated,  cal- 
citc  in  scalenohedrons,  zoisite,  damourite  f  in  radiated  groups  of  crystals  on  dolomite,  quafU 
crystals  ;  on  Smith  &,  McMullin's  farm,  epidote. 

Charlestown. — Pyromorphite,  cerussite,  galenite^  qnartz. 

Coventry.— AUanite,  near  Pughtown. 

South  Coventry.— In  Chrisman's  limestone  quarry,  near  Coventry  village,  aogiie, 
sphene,  graphite,  zircon  in  iron  ore  (about  half  a  mile  from  the  village). 

East  Fallowfield.— Soapstone. 

East  Goshen. — Serpentine,  asbestus,  magnetite  (loadstone),  garnet. 

Elk.  — Menaccanite  with  muscovite,  chromitc  ;  at  Lewisville,  black  tourtnaUne. 

West  Goshen. — On  the  Barrens,  one  mile  north  of  West  Chester,  amianthus,  serpentine, 
cellular  quartz,  jasper,  chalcedony,  drusy  quartz,  chlorite,  marmolite,  indurated  talc,  mag- 
nesite  in  radiated  crystals  on  serpentine,  hematite,  asbestus  ;  near  R.  Taylor's  mill,  chromita 
in  octahedral  crystals,  deweylite,  radiated  magnesite,  aragonite,  staurolite,  garnet,  asbestos, 
epidote;  zoisdte  on  hornblende  at  West  Chester  water- works  (not  accesAible  at  present). 

New  Garden. — At  NivLn*s  limestone  quarry,  brown  tourmaline,  necronite,  scapolite,  apa- 
titej  brovm  and  green  mica,  rutile,  aragonite,  fibroUte,  kaolinite,  tremolite. 

E.BNNETT. — Actinolite,  brown  tourmaline,  browu  mica,  epidote,  tremolite,  8capolite,*«ra- 
gonUe;  on  Wm.  Cloud^s  farm,  sunstone!  !  chubazite,  sphene.  At  Pearce^s  old-mill,  zoisite, 
cMale,  sunstone  ;  sunstone  occurs  in  good  specimens  at  various  places  in  the  range  of  horn- 
Uende  rocks  running  through  this  township  from  N  E.  to  S.W. 

LOWBB  Oxford. — Garnets,  pyrite  in  cubic  crystals. 

London  Grove. — Rutile,  jasper,  chalcedony  (botryoidal),  large  and  rough  qnartz  crystals, 
fpldote ;  on  Wm.  Jackson^s  farm,  yelloto  and  black  tourmaline^  tremolite^  rutile,  green  mica, 
m^atite,  at  Pusey's  quarry,  rutile,  trem^jUte, 

"EAffV  Marlborough. — On  the  farm  of  Baily  &  Brothers,  one  mile  south  of  Unionville, 
bright  yellow  and  nearly  white  tottrmaUne,  chesterlite,  albite,  pyrite ;  near  Marlborough  me€^ 
ing-house,  epidote,  serpentine,  acicular  black  tourmaline  in  white  quartz ;  zircon  in  small 
perfect  crystals,  loose  in  the  soil  at  Pusey's  saw-mill,  two  miles  S.  W.  of  Unionville. 

West  Marlborough.  —Near  Logan's  quarry,  staurolite,  cyanite,  yellow  tourmaline,  rutile, 
garnets ;  near  Doe  Run  village,  hematife,  scapolite,  tremoUte  ;  in  R.  Baily 's  limestone  quarry, 
two  and  a  half  miles  S.W.  of  Unionville,  fibrous  tremolite,  cyanite,  scapolite. 

Newlin.— On  the  serpentine  barrens,  one  and  a  half  mile  N.E.  of  Unionville,  corundum! 
massive  and  crystallized,  also  in  crystals  in  albite,  often  in  loose  crystals  covered  with  a  thin 
gating  of  steatite,  spinel  (black),  talc,  picrolite,  brucite,  green  tourmaline  with  flat  pyram- 
■^"^  terminations  in  albite,  ujUorUte  (rare)  euphylUte^  mica  in  hexagonal  ciystals,  feidspar 
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beryl!  in  hexagonal  cxyBtalfi,  one  of  which  weighs  51  Iba,  pyriie  in  cubic  crystals,  diTomio 
iron,  dmsy  quartz,  green  quartz,  aotinolite,  emerylite^  chloritoid,  diallage,  oUffodeise;  on 
Johnson  Patterson's  farm,  massive  eorundum,  titaniferous  iron,  eUnochhre^  emeryHtey 
sometimes  colored  green  by  chrome,  albite,  arthodase^  halloysite,  margarite,  garnets,  beryl; 
on  J.  Lesley's  farm,  corundum^  crystallized  and  in  ma-ssive  lumps,  one  of  which  weighed 
5,200  lbs.,  diaepore !  J  emerylUel  ev/pfiyUitt  erystalUzedf  green  tmirmaline^  transparent 
crystals  in  the  euphyUite,  orthoclase;  two  miles  N.  of  UnionviUe,  magnetite  in  octahedral 
crystals;  one  mile  E.  of  UnionviUe,  JiematUe;  in  Edwards's  old  limestone  quany,  purple 
llaorite,  rutile. 

East  Nottingham. — Sand  chrome^  aebeetue^  ehramite  in  octahedral  crystals,  hallite,  bezyl. 

West  Nottinouah. — At  Scott's  chrome  mine,  chromite,  foUcUed  talc,  marmolite,  serpen- 
tine, c/uUcedony^  rhodochrome;  near  Moro  Phillip's  chrome  mine,  anbestua;  at  the  magnesia 
quany,  detceylite,  marmolite,  magnesite,  leelite,  serpentine,  sand  chrome;  near  Fremont 
P.O.,  corundum. 

East  Pikeland.— Iron  ore. 

West  Pikeland. — In  the  iron  mines  near  Chester  Springs,  ffibbeite,  mreoUy  turgUs,  A^no- 
Ute  (stalactitical  and  in  geodes),  gothite. 

Pbnn. — Garnets,  agalmatolite. 

Pennsbury. — On  John  Craig's  farm,  brown  garnets,  miea  ;  on  J.  Dilworth^s  farm,  near 
Fairville,  muecovite/  in  hexagonal  prisms  from  one-quarter  to  seven  inches  in  diameter ;  in 
the  village  of  Fairville,  eunetcne  ;  near  Brinton's  ford,  on  the  Brandy  wine,  efUmdrodUe^  ap^tene, 
diopeide,  aitgite,  coocolite;  at  Mendenhall*8  old  limestone  qaaxrjyfttid  qtiarU,  sunstone;  at* 
Swain's  quarry,  crystals  of  orthodase. 

PocoPSON. — On  the  farms  of  John  Entrikin  and  Joe.  B.  Darlington,  amethyst. 

Sadbburt. — HutUe//  splendid  geniculated  crystals  are  found  loose  in  the  soil  for  seveoi 
miles  along  the  valley,  and  particularly  near  the  village  of  Parkesburg,  where  they  sometimei 
occur  weighing  one  pound,  doubly  geniculated  and  of  a  deep  red  color ;  near  Sadsbury  village, 
amethyet,  tourmaline,  epidote,  fmOs  gttarUt. 

ScnuTLKiLL. — In  the  railroad  tunnel  at  Phcenixyille,  dolomite/  sometimes  coated  with 
pyrite,  quartz  crystals,  yellow  blende,  brookite,  calcite  in  hexagonal  crystals  enclosing  pyrite  ; 
at  the  Wheatley,  Brookdalb.  and  Chester  County  lead  mines,  one  and  a  half  mile 
S.  of  Phoenix ville,  pyromorphite  /  cerussite!  galetiitey  angleaite/  /  quartz  crystals,  chalcopy- 
rite,  barite,  fluorite  (white),  etoUiUy  ftnUfenite!  calamine^  vanadinitey  blende/  mimetite/ 
descloizite,  gothite,  chrysocoUa,  native  copper,  malachite,  aauritey  limonite,  ealeite,  suiphur^ 
pyrite,  melaconite,  pseudomalachite,  gersdorffite,  chalcooite  ?  oovellite. 

TnoRNBURY. — On  Jos.  H.  Brinton's  farm,  muecovite  containing  acicular  crystals  of  tour- 
maline, rutiUy  titaniferous  iron. 

Tredyffrin. — Fyrite  in  cubic  crystals  loose  in  the  soil* 

UwcHLAN. — Massive  blue  qwvrtz^  granite. 

Vi aurkk.— Melanite,  feldspar. 

West  Ooshen  (one  mile  from  West  Chester). — Ohromite. 

WiLLiSTOWN. — Magnetite^  chromitey  act  indite,  asbestus. 

West-To%vn.— On  the  serpentine  rocks,  3  miles  S.  of  West  Chester,  eUnoc/dore  /  jefferiUu! 
mica,  asbestus,  actinolite,  magnesite,  talc,  titaniferous  iron,  magnetite  and  massive  tourma- 
line. 

East  Whttbland. — Pyrite^  in  very  perfect  cubic  crystals,  is  found  on  nearly  every  farm 
in  this  township,  quartz  crystals  found  loose  in  the  soil. 

West  Whiteland.— At  (ren.  Trimble's  iron  mine  (south-east),  etalaetitie  hematite/ 
ioaveUite/  /  in  radiated  stalactites,  gibbsite,  coemleolactile. 

Warwick. — At  the  Elizabeth  mine  and  Keim's  old  iron  mine  adjoining,  one  mile  N.  of 
Enauertown,  aplome  garnet  /  in  brilliant  dodecahedrons,  floeferri,  pyroxene,  mieaceove  hema- 
tHe^  pyrite  in  bright  octahedral  crystals  in  calcite,  chrysocoUa,  chalcopyrite  massive  and  in 
single  tetrahedral  crystals,  magDetiteyf asa'ctdar  hornblende/  bomite,  malachite,  brown  gamet^^ 
caldte,  byssolite  /  serpentine ;  near  the  village  of  St.  Mary's,  magnetite  in  dodecahedral 
crystals,  melanitCy  garnet,  aetinoUte  in  small  radiated  noduleo ;  at  the  Hopewell  iron  mine» 
one  mile  N.W.  of  St.  Mary '6,  magnetite  in  octahedral  crystals. 

COLUMBIA  CO.— At  Webb's  mine,  yellow  blende  in  caldte ;  near  Bloombuzg,  oryst.  mag 
netite. 

DAUPHIN  CO.— Near  Humherstown.— Green  garnets,  oryst.  emoky  quart*,  feldspar. 

• 

DELAWABE  CO.— AflTON  Township. —  Amethyst,  eorundum,  emerylite,  stanrolite,  Jl&r9* 
Kte,  black  tourmaline,  margarite,  sunstone,  asbest/us,  anthophyllite,  steatite;  near  Tyson^l 
mill,  garnet,  staurolite ;  at  Peter's  mill-dan^  in  the  creek,  pyrope  garnet. 
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BiRMiNOHAic — Fibroins,  kaoUn  (abundant),  oiyBtols  of  mtOe,  amdhfftt;  at  Bnllock^B  oU 
quarry,  siroon,  buehokUe,  naorite,  yellow  crystallixed  quartz,  fddtpar* 

BiiUE  Hill.— Green  quartz  crystals,  spinel 

Chester. — Amethyst,  bUtek  tourmaline^  beryl,  crystals  of  feldspar,  garnet,  cryst.  pyrite, 
molybdenite^  mdybdite,  chaloopyrite,  kaolin,  uraninite,  museofsiU,  orthoclase,  biranutite. 

Chichester. — Near  Trainer's  mill-dam,  beryls  tourmaline,  crystals  oi  feldspar,  kaolin ;  on 
Wm.  Eyre's  farm,  tourmaUne, 

Concord. — Crystals  ofmica^  erystais  offddspar,  kaolin  abundant,  drusy  quartt  of  a  Uuf 
and  green  color,  moerschaum,  stellated  tremohte,  some  of  the  rays  6^  in.  diameter,  atttho 
phyJUte^  fibrolite,  acicular  crystals  of  rutile,  pyrope  in  quartz,  ametbyst,  actinolite,  mangane 
Stan  garnet,  beryl  ;  in  Green's  creek,  pyrope  garnet. 

Darbt. — Blue  and  gray  cyanite,  garnet,  staurolite,  zoisite,  quartz,  beryl,  chlorite,  mica, 
limonite. 

Edoemont. — Amethyst,  oxide  of  manganese,  crystals  ot  feldspar  /  one  mile  east  of  Edge- 
mont  Hall,  rvtHe  in  quartz. 

Green's  Creek. — Oamet  (so^salled  pyrope). 

Haverford. — Staurolite  with  garnet. 

Marfle. — TovrmaliTie,  anddlusUe,  amethyst,  actinolite,  anthophyUUe,  talc,  radiated  aetii^ 
oUte  in  talc,  chromite,  druey  quarts,  beryl,  cryst.  pyrite,  menaccamte  in  quarts,  chlorite. 

Mtddletown. — Amethyst,  beryl,  black  mica,  mica  with  reticulated  magnetite  between  the 
plates,  mangnnesian  garnets  I  large  trapezohedral  crystals,  some  8  in.  in  diameter,  indurated 
talc,  hexagonal  crystals  of  rutOe,  crystals  of  mica,  green  quartz/  anthophylUte^  radiated  tour- 
maline, staurolite,  titanic  iron,  fibrolite,  serpentine ;  at  Lenni,  chlorite^  green  and  bronxs 
termicuUtef  gi'een  feldspar  ;  at  Mineral  Hill,  fine  crystals  of  corundum,  one  of  which  weighs 
If  lb.,  actinolite  in  great  variety,  bronzite,  green  feldspar,  moonstone,  sunstone,  graphic 
granite,  magnesite,  octahedral  crystals  of  ehromite  in  great  quantify,  beryl,  chalcedony, 
asbestus,  fibroiu  hornblende,  rutile,  staurolite,  melanoeiderite,  hallite;  at  Painter's  Farm, 
near  Dismal  Eun,  zircon  wiih  oligoclase,  tremolite,  tourmaline ;  at  the  Black  Horse,  near 
Media,  corundum  ;  at  Hibbard's  Farm  and  at  Fairlamb*s  Hill,  ehromite  in  brilliant  octahe- 
drons. 

Newtown. — Serpentine,  hematite,  enstatite,  tremolite. 

Upper  Providence. — AnthophvUite,  tremolite,  radiated  asbestus,  radiated  actinolite^  tour- 
maline, beryl,  green  feldspar,  amethyst  (one  found  on  Morgan  Hunter's  farm  weighing  over  7 
IbsOy  andaltisite/  (one  terminated  cr3r8tal  found  on  the  farm  of  Jas.  Worrall  weighs  7^  lbs.); 
at  Blue  Hill,  very  fine  crystals  of  blue  quartz  in  chlorite,  amianthus  in  serpentine,  zircon. 

Lower  Providence. — AmeViysU  green  mica,  garnet,  large  crystals  of  fddeparf  (some 
over  10()  lbs.  in  weight). 

Radnor. — Garnet,  marmolite,  deweylite,  ehromite,  asbestus,  magnesite,  talc,  blue  quartz, 
picrolite,  limonite,  magnetite. 

Springfield. — Andalusite,  tourmaiine,  beryl,  titanic  iron,  garnet;  on  Fell's  Laurel  Hill, 
beryl,  garnet ;  near  Beattie's  mill,  staurolite,  apatite ;  near  Lewis's  paper-mill,  tourmaline, 
mica. 

Thornbdry. — Amethyst, 

HUNTINGDON  CO.— Near  Frankstown.— Li  the  bed  of  a  stream  and  on  the  side  of  a 
hill,  fibrous  ceUstite  (abundant),  quartz  crystals, 

LANCASTER  CO.— Drumore  Township.— Quartz  crystals. 

Fulton. — At  Wood's  chrome  mine,  near  the  village  of  Texas,  brudtef  !  zaratite  (emerald 
nickel),  pennite!  ripidoUte!  kdmwereritef  baltimorite^  chromic  iron,  williamsite,  dirysoUtel 
marmolite,  picrolite,  hydromagnesite,  dolomite,  magnesite,  aragonite,  calcite,  serpentine, 
hematite,  menaccanite,  genthite,  chrome-garnet,  bronzite,  milleritc ;  at  Low's  mine,  hydro- 
magnesite, br'udte  (lancasterite),  picrolite,  magnesite,  williamsite,  chromic  iron,  talc,  zaratite, 
baJtimorite,  serpentine,  hematite  ;  on  M.  Boice's  farm,  one  mile  N.W.  of  the  village,  pyriU 
in  cubes  and  various  modifications,  ant/wphylUte ;  near  Rock  Springs,  c/iakedony^  camelian, 
m4}S8  agate,  green  tourmaiine  in  talc,  titanic  iron,  ehromite,  octahedral  magnetite  in  c/dorite ; 
at  ReynoMs's  old  mine,  calcite,  talc,  picrolite,  ehromite  ;  at  Carter's  chrome  mine,  brookite. 

Gap  Minks. — Chalcopyrite,  pyrrhotile  (niccoliferous),  milterite  in  botryoidal  radiations, 
vivianite  !  (rare),  actinolite,  siderite,  hisingerite,  pyrite. 

Pequea  Valley. — Eight  miles  south  of  Lancaster,  argentiferous  galenite  (said  to  contain 
250  to  300  ounces  of  silver  to  the  ton  ?),  vauqueiinite,  rutile  at  Pequea  mine ;  four  mile^  N.W. 
•C  Lancaster,  on  the  Lancaster  and  Harrisburg  Railroad,  calamite,  galenite,  blende  ;  pyrite  in 
inUo  cry»tals  is  found  in  g^reat  abundance  near  the  city  of  Lancaster  ;  at  the  Lancaster  ziiM 
^■JM,  calamine,  blende,  tennantite  ?  srdthsonite  (pseud,  of  dolomite),  aurichaldU. 
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LEBANON*  CO.— Cornwall. — Magnetite^  Pf/nte  (eobaltiferons),  ohaloopyrite,  Tiative  eop" 
per,  azuriUj  malachite^  chrysocoUa^  cuprits  (hydrocuprite),  aUophane^  brodiantiU,  serpentine, 
quartz  pseudomorphs ;  galenUe  (with  octahedral  cleavage),  fluorite,  oovellite,  hematite  (mi 
oaoeoas),  opal,  asbestos. 

LEHIGH  GO. — Friedensvillb. — At  the  zinc  mines,  calamine^  gmithsonite,  hydrosincite, 
massiye  blende,  gpreenockite,  qnartz,  allophane,  zinciferous  clay,  mountain  leather,  arogonite, 
sanconite ;  near  AUentown,  magnetite,  pipe-iron  ore ;  near  Bethlehem,  on  S.  Mountain, 
alianite,  with  zircon  and  altered  sphene  in  a  single  isoUubed  mass  of  syenite,  magnetite,  mar- 
tite,  black  spinel,  tourmaline,  chalcocite. 

MIFFLIN  CO.— Strontianite. 

MONROE  CO.— In  Cherry  Valley. — CaldtBt  chalcedony,  quarts;  in  Poconao  Yall^, 
near  Judge  Mervine^s,  cryst.  quartz. 

MONTGOMERY  CO. — Conshohocken. — Fibrous  tourmaline,  menaccanite,  ayentniine 
quartz,  phyllite ;  in  the  quarry  of  G^.  Bullock,  ealdte  in  hexagonal  prisms,  aragonite. 

Lower  Providence. — At  the  Perkiomen  lead  and  copper  mines,  near  the  Tillage  of 
Shannonville,  azurite,  blende,  galenite,  pyromorphite,  oerussite,  wulfenite,  anglesite,  barite, 
calamine,  chalcopyrite,  malachite,  chrysocolla,  hrautn  spar,  cuprite,  covellite  (rare),  mela- 
conite,  libethenite,  pseudomalachite. 

White  Marsh. — At  D.  O.  Hitner's  iron  mine,  five  and  a  half  miles  from  Spring  Mills, 
limonite  in  geodes  and  stalactites,  gdthite,  pjrrolusite,  wad,  lepidocrocite ;  at  Edge  Hill  Street, 
North  Penssylvania  Railroad,  titanic  iron,  braunite,  pyrolusite ;  one  mile  S.  W.  of  Hitner^s 
iron  mine,  Umonite,  velvety,  stalactitic,  and  fibrous,  fibres  three  inches  long,  turgite,  gOthite^ 
pyrolusite,  teltet  manganese,  wad ;  near  Marble  Hall,  at  Hitner*s  marble  quarry,  white  mar- 
ble, granular  barite,  resembling  marble ;  at  Spring  Mills,  limonite,  pyrolusite,  gothite ;  at 
Flat  Rock  Tunnel,  opposite  Manayunk,  stUbite,  heulandiU,  ehabasiUy  ilvaite,  beryl,  feldspar, 
mica. 

Lafatbtte,  at  the  Soapstone  quarries. — Talc,  jefferisite,  garnet,  albite,  serpentine,  zoisite, 
stanrolite,  chalcopyrite  ;  at  Rosens  Serpentine  quarry,  opposite  Lafayette,  enstalite,  serpen- 
tine. 

NORTHUMBERLAND  CO.— Opposite  8elim*8  Grove.— Calamine. 

NORTHAMPTON  CO.— Bubhkill  Township.- Crystal  Spring  on  Blue  Mountain,  guarta 
crystals. 

Near  Easton. — Zircon/  (exhausted),  nephrite,  coocoHte,  tremolite,  pyroxene,  sahlite, 
limonite,  magnetite,  purple  caldte. 

Williams  Townbhip. — Pyrolusite  in  geodes  In  limonite  beds,  gothite  (lepidocrodte)  at 
Glendon. 

PHILADELPHIA  CO.  — FBANn^RD.  — Titanite  in  gneiss,  apophyllite ;  on  the  Philadelphia, 
Trenton  and  Connecting  Railroad,  basanite ;  at  the  quarries  on  Frankford  Creek,  stilbite, 
molybdenite,  hornblende  ;  on  the  Connecting  Railroad,  wad,  earthy  cobalt ;  at  Chestnut  Hill, 
magnetite,  green  mica,  chalcopyrite,  fluorite. 

Fairmount  Water  Works. — In  the  quarries  opposite  Fairmount,  autuniU/  torbemite^ 
crystals  of  fHdspar^  beryl,  pseudomorphs  after  beryl,  tourmaline,  albite,  wad,  menaccanite* 

GoROAs'  and  Crease's  I^ane. — Tourmaline,  cyanite,  staurolite,  homstone. 

Near  Gerhantown. — Blaek  tourmaline,  laumontite,  apatite;  York  Road,  tourmaline, 
beryl. 

HBflTONYiLLB. — Alunogen,  iron  alum,  orthoclase. 

Heft* 8  Mill. — Alunog^en,  tourmaline,  cyanite,  titanite. 

Manayunk. — At  the  soapstone  quarries  above  Manayunk,  talc,  steatite,  chlorite,  yermioa- 
lite,  anUiophyUite,  staurolite,  dolomite,  apatite,  asbestus,  brown  spar,  epsomite. 

Mbaoargbe*8  Paper-miU. — Staurolite,  titanic  iron,  hyalite,  apatite,  green  mica,  iron  gBr> 
nets  in  great  abundance. 

McKinnet's  Quarry,  on  Rittenhouse  Lane. — Feldspar,  apatite,  stilbite,  natrolite,  heuktfi' 
dite,  epidote,  hornblende,  erubescite,  malachite. 

Schuylkill  FALLa-->Chabasite,  titanite,  fluorite,  epidote,  musoovite,  tourmaline,  pro- 
chlorite. 

SCHUYLKILL  CO.— Taxaqua,  near  PoTTSYiLLE,,ln  coal  mines.- ifaobVw^ 

YORK  CO. — Bomite,  mtile  in  slender  prisms  in  granular  quarts,  oalcite. 
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DELAWABE. 

NEWCASTLE  CO.—Brandywine  &FniSQ6.—BueholzUey  fibrolUe  abundant,  tahlite,  f^ioK* 
ene  ;  Brandy «rine  Hundred,  mosoovite,  enclosing  reticulated  magnetite. 

DixoN^s  Feldspar  Quarries,  six  miles  N.  W.  of  Wilmington  (these  qoarries  hayebeoi 
worked  for  the  manufacture  of  porcelain). — Advlaria^  allntej  dUgodase^  beryl,  apatite^  einno' 
maih-ntone!  !  (both  granular  like  that  from  Ceylon,  and  crystallized,  nre),  magnesite, 
tine,  asbestus,  black  tcmrmjcUine!  (rare),  in^eoUtel  (rare),  sphene  in  pyroxene,  cyanite. 

DuPONT's  Powder  Mills.—**  Hypersthene." 

Eastburn's  Limestone  Quarries,  near  the  Pennsylyania line. — TremdUte^  brannU. 

QUARRYVILLE. — Gamet,  spodumene,  fibrolite. 

Near  Newark,  on  the  railroad. — Sphseroaiderite  on  dru^y  quarts,  jasper  (fermginou  opal), 
cryst.  spathic  iron  in  the  cayities  of  cellular  quartz. 

Way's  Quarry,  two  miles  south  of  Centreville. — Feldspar  in  fine  dearage  mnsspH,  apatxU^ 
mica^  deweyUte.  granular  quartz, 

Wilmington. — In  Christiana  quarries,  metaUoidal  diaUage, 

Kennett  Turnpike,  near  Centreville. — Cyanite  and  garnet. 

HARFORD  CO.— Cerolite. 

KENT  CO.— NearMiDDLETOWN,  inWm.  Polk's  marl  pits.— Fi«tantir«/ 
On  Chesapeake  and  Delaware  Canal. — Retinasphalt,  pyrite,  amber. 

SUSSEX  CO.— Near  Cape  Henlopen.— Vivianite. 

MARYLAND. 

Baltimore  (Jones's  Falls,  If  mile  from  B.). — Chabazite  (haydenite),  henlandite  (betu 
montite  of  Levy),  pyrite,  lenticular  carbonate  of  iron,  tniea,  stillnte. 

Sixteen  miles  from  Baltimore,  on  the  Gunpowder. — Graphite, 

Twenty-three  miles  from  B.,  on  the  Gunpowder. — Taie. 

Twenty-five  miles  from  B.,  on  the  Gunpowder. — Magnetite^  sphene^  pycnite. 

Thirty  miles  from  B.,  in  Montgomery  Co.,  on  farm  of  S.  Eliot. — Gk)ld  in  quartz. 

Eight  to  twenty  miles  north  of  B.,  in  limestone. — IrenwUte^  augiUy  pyrite^  brown  and  yd 
low  tourmaline. 

Fifteen  miles  north  of  B. — Sky-blue  dialcedony  in  granular  limestone. 

Eighteen  miles  north  of  B.,  at  Scott's  mills. — Magnetite^  cyanite. 

Bare  Hills. — Chromite,  a^bestus,  tremoUte,  talc^  hornblende,  serpentine,  chalcedoDy, 
meerschaum,  baltimorite,  chalcopyrite^  magnetite. 

Cape  Sable,  near  Magotby  R. — Amber,  pyrite,  alum  slate. 

Carroll  Co. — Near  Sykesville,  Liberty  Mines,  gold,  magnetite,  pyrite  {oeta/iedr&ns)^  chal- 
copyrite^  linnaeite  (oarrollite) ;  at  Patapsco  Mines,  near  Finksburg.  bomite,  violftdute,  siegen- 
ite,  UuTKBite,  remingtorute^  magnetite,  c/ialcopyrite ;  at  Mineral  Hill  mine,  bomite^  chaloopy- 
rite,  ore  of  nickel  (see  above),  gold,  magnetite. 

Cecil  Co.,  north  part. — Chromite  in  serpentine. 

CooPTOWN,  Harford  Co. — Olive-colored  tourmaUne^  diaUage^  tale  of  green,  blue,  and  rose 
colors,  lignifojin  a^ibestus,  chromite^  tteipentiae. 

Dker  Creek. — Magnetite!  in  chlorite  slate. 

Frederick  Co. — Old  Liberty  mine,  near  Liberty  Town,  black  copper,  malachite,  chalco- 
ciie,  specular  iron ;  at  Dolly hyde  mine,  bornite^  chalcopyiite,  pyrite,  argentiferous  galenite  in 
dolouite. 

Montgomery  Co. — Oxide  of  manganese, 

Somerset  and  Worcester  Cos.,  north  part. — Bog-ircn  ore^  vitianite* 

St.  Mary's  River. — Qypsum!  in  clay. 

PTLBSYILLE,  Harford  Co. — Asbestus  mine. 

VIRQINLL  AND  DISTRICT  OP  COLUMBIA. 

LR  Co.,  a  little  west  of  the  Green  Mts. — Steatite^  graphite y  galenite. 
Co.,  along  the  west  base  of  Buffalo  ridge. — Copper  ores,  allanite,  eta 
a  Co. — At  Weyer*s  (or  Weir's)  cave,  sixteen  miles  northeast  of  Staunton,  and 
miles  northwest  of  Richmond|  calcite,  stalactites. 
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Buckingham  Go.^GM  at  Gamett  and  Moael^  mines,  also,  pyrite,  pyzrhotite,  oaloite, 
garnet ;  at  Eldridge  mine  (now  London  and  Virginia  mines)  near  by,  and  the  Backinghsm 
mines  near  Majs^e,  gold,  anrif erons  pyrite,  chaloopTrite,  tennantite,  barite  ;  eyanite^  Untr* 
maUns^  actincUte. 

Chsaterfield  Co. — ^Near  this  and  Richmond  Co.  bitnminons  ooal,  native  ooke. 

CnuE*BPPER  Co.,  on  Bapidan  river. — (3k>ld,  pyrite. 

Franklin  Co.— Grayish  steatite. 

Fauquier  Ca,  Bamett^s  mills. — Asbestns,  gold  mines,  hariU^  ealeUe, 

Fluvanna  Co.— Gold  at  Stockton's  mine ;  also  tetradymite  at  **  Tellorinm  mine.** 

Phenjx  Copper  mines. — ChaieopyriU^  etc.  * 

Georgetown,  D.  C— Rntile. 

Gk)OCHLAND  Co.  —Gold  mines  (Moss  and  Busby's). 

Harper's  Ferry,  on  both  sides  of  the  Potomaa — Thuringite  (owenite)  with  qnarts. 

Jefferson  Co.,  at  Shepherdstown.— Flnor. 

Kbnawha  Co. — At  Kenawha,  petroleum^  brine  springs,  oannel  ooal. 
'  IiOUi>ON  Co. — Tabviar  quarU^  drcue^  pyriUy  tctU^  eMariUy  soapatone^  asbestos,  ehromitt^ 
actinoUtey  quartz  erystali  ;  vucaeetnu  iron^  bomite,  malachite,  epidote,  near  Leesburg  (Poto- 
mac mine). 

Louisa  Co. — Walton  gold  mine,  gold,  pyrite,  chaloopyrite,  azgentiferons  galenite,  siderite, 
blende,  anglesite  ;  boiilangerite,  blende  (at  Tinder's  mine). 

Nelson  Co. — Galenite,  chaloopyrite,  malachite. 

Orange  Co. — Western  part.  Blue  Ridge,  specnlar  iron ;  gold  at  the  Orange  Grove  and 
Yaucluse  gold  mines,  worked  by  the  **  Freehold  "  and  **  Lib^y  "  Mining  Companies. 

Rockbridge  Co.,  three  miles  southwest  of  Lexington. — Barite. 

Shenandoah  Co.,  near  Woodstock. — Fluorite. 

Mt.  Alto,  Blue  Ridge. — Azgillaoeons  iron  ore. 

Spottbtlyania  Co.,  two  miles  northeast  of  ChanoeUorville. — Cyanit$  ;  gold  mines  at  th^ 
junction  of  the  Rappahsnnock  and  Rapidan;  on  the  Rappahannock  (Marshall  mine) ;  White- 
hall mine,  affording  also  tetradymite. 

Stafford  Co.  ,  eight  or  ten  miles  from  Falmouth — ^Micaceous  iron,  gold,  tetradymite,  sil- 
ver, galenite,  vivianite. 

Washington  Co.,  eighteen  miles  from  Abington. — Bock  ioU  with  gypsum. 

Wythe  Co.  (Austin's  mines). — CerusnUj  minium,  plumbic  ochre,  blende,  calamine,  galenite, 
graphite. 

On  the  Potomac,  twenty-five  miles  north  of  Washington  city. — NaUte  mdphur  in  gray 
compact  limestone. 

NORTH  CAROLINA. 

Ashe  Co. — Malachite,  chaloopyrite. 

Buncombe  Co.,  (now  called  Madiwn  Co). — Corundum  (from  a  boulder),  margarite^  corun- 
dophilite,  garnet,  chromite,  barite,  fliunite,  rutile,  iron  ores,  manganese,  sUrcon ;  at  Swan- 
nanoa  Gap,  cyanite. 

Burke  Co.— Gold,  monazite,  zircon,  beryl,  ccrundum,  garnet,  sphene,  graphite,  iron  ores, 
tetradymite,  montanite. 

Cabarrus  Co. — Phenix  Mine,  gold,  barite,  chaloopyrite,  auriferous  pyrite,  quartz,  peeudo- 
morph  after  barite.  tetradymite,  montanite ;  Pioneer  mines,  gold,  limonite,  pyrolusite,  bai-n- 
hardite,  wolfram,  tcheeUte,  cuprotungstite,  tungstite,  diamond,  chrysocoUa,  chalcocite,  molyb- 
denite, chaloopyrite,  pyrite ;  White  mine,  needle  ore,  chaloopyrite,  barite ;  Long  and  Muse's 
mine,  argentiferous  galenite,  pyrite,  chaloopyrite,  limonite ;  Boger  mine,  tetradymite ;  Fink 
mine,  valuable  copper  ores ;  Mt.  Makins,  tetzahedrite,  msgnetite,  talc,  blende,  pyrite,  pnnw 
tite,  galenite ;  Bimgle  mine,  sdieelite. 

Caldwell  Co. — Chromite. 

Chatham  Co. — Mineral  coal,  pyrite,  ohloritoid. 

Cherokee  Co. — Iron  ores,  gold,  galenite,  corundum,  mtQe,  cyanite,  damonite. 

Cleveland  Ck>. — White  Plains,  quartz^  crystals,  emoky  quartz^  tourmaline,  rutile  in  quarts. 

Clay  Co. — At  the  Cullakenee  Mine  and  elsewhere,  corundum  (pink),  zoisite,  tourmaline, 
margarite,  willcoxite,  dudleyite. 

Davidson  Co. — King's,  now  Washington  mine,  native,  silver,  oerussite,  anglesite,  scheelite, 
pyromorphite,  galenite,  blende,  malachite,  black  copper,  uaveuite,  garnet,  stilbite  ;  five  miles 
&om  Washington  mine,  on  FausVs  farm,  gold,  tetrat^^miU,  oxide  of  bismuth  and  tellurium, 
montanite,  chaloopyrite,  limonite,  spathic  iron,  epidote;  near  Squire  Ward^s,  gold  in  crys- 
tals, electrum. 

Franklin  Co. — At  Partiss  mine,  diamonds. 

Gaston  Co. — Iron  ores,  oomndam,  margarite;   near  Orowder*s  Mountain  (in  wfai^s  wai 
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formeriy  Lincoln  Co.),  Uatulite,  effonUe,  garnet^  graphite ;  also  twenty  mOes  northeast,  neat 
aonth  end  of  Glabb*8  Mtn.,  laznlite,  cyanite,  talc,  ratile,  topaz,  pyrophyQiUe;  'SSxig^s  Moon- 
tain  (or  Briggs)  Mine,  nafciye  telluriamf  altaite,  tedradymite,  montanite. 

Guilford  Co. — ^MoGallooh  copper  and  gold  mine,  twelve  mOes  from  Greensboro^  golA, 
pyrite^  efialeopyrite  (worked  for  copper),  guarte,  siderite.  The  North  Carolina  Copper  Co.  an 
working  the  copper  ore  at  the  old  Fentress  mine ;  at  Deep  Biyer,  compact  pyrophyQgU 
(worked  for  slate-pencils). 

Haywood  Co.— -Conindnm,  margarite,  damoorite. 

Henderson  Co. — Ziroon„  sphene  (xanthitane). 

Jackson  Co. — Alnnogen?  at  Smoky  Mt.;  at  Webster,  serpentine,  chromite,  genthite, 
^rysolite,  talc;  Hoghalt  Mt.,  pink  corundum,  margarite,  tourmaline. 

Lincoln  Co. — Diamond ;  at  Bandleman^s,  amethyity  rose  quartz. 

Macon  Co. — Franklin,  Cnlsagee  Mme,  corundum,  spinel,  diaspore,  tourmaline,  damouzite, 
prochlorite,  culsageeite,  kerrite,  maconite. 

McDowell  Co. — Brookite,  monazite,  corundum  in  small  crystals  red  and  white,  Hream^ 
garnet,  beryl,  sphene,  xenotime,  rutile,  elastic  sandstone,  iron  ores,  pyromelane,  tetrady- 
mite,  montanite. 

Madison  Co. — 20  miles  from  AsheviUe,  corundum,  margarite,  chlorite. 

Mecklenburg  Co. — Near  Charlotte  (Rhea  and  Cathay  mines)  and  elsewhere,  ehaleopffriUy 
gold ;  ohalcotrichite  at  McGinn^s  mine ;  bamhardtite  near  (}harlotte ;  pyrophyllite  in  Cd- 
ton  Stone  Mountain,  diamond ;  Flowe  mine,  scheelite,  wolframite  ;  Todd's  Branch,  monO' 
gUe. 

Mitchell  €k>. — 8arnar$kite,  pyrochlore(?),  euxenite,  oolumbite,  muMovite. 

Montoomert  Co. — Steele's  mine,  ripidolite,  albite. 

Moore  Co. — Carbonton,  compact  pyrophyllite. 

Bow  AN  Co. — Gold  Hill  Mines,  thirty-eight  miles  northeast  of  (Charlotte,  and  fourteen 
from  Salisbury,  gold,  auriferous  pyrite  ;  ten  miles  from  Salisbury,  feldspar  in  crystals,  Mi- 
muthinite. 

Randolph  Co.— Pyrophyllite. 

Rutherford  Co.  — uoid^  graphite^  bismuthio  gold,  diamond,  euclase,  pseudomorpkauB 
quartz  fy  chalcedony,  corundum  in  small  crystals,  epidote^  pyrope^  brookite,  zircon,  monazite, 
rutherfordite,  samarskite,  quarte  oryst^tU,  itacolumyte ;  on  the  road  to  Cooper's  Gap, 
cjanite. 

Stokes  and  Surry  Cob. — Iron  ores,  graphite. 

Union  Co. — Lemmond  gold  mine,  eighteen  miles  from  Concord  (at  Stewart's  and  Moore*i 
mine),  gold,  quartz,  blende,  argentiferous  galenite  (containing  20*4  oz.  of  gold  and  86*5  oi. 
of  silver  to  the  ton,  Genth),  pyrite,  some  chalcopyrite. 

Yancey  Co. — Iron  ores,  amianthus,  chromite^  garnet  (spessartite),  samarskite. 

SOUTH  CAROLINA. 

Abbeville. — Disr. — Oakland  Grove,  gold  (Dom  mine),  galenite,  pyromorphite,  amethyrt, 
garnet. 

Anderson  Dist. — At  Pendleton,  actinoUtSy  galenite,  kaolin,  tourmaline. 

Ch  arleston.  — SelerUte. 

Cheowke  Valley.  —Galenite,  tourmaline,  gold. 

Chebterpikld  Dist.— Gold  (Brewer's  mine),  talc,  chlorite,  pyrophyllite,  pyrite,  natifs 
lyismuth,  carbonate  of  bismuth,  red  and  yellow  ochre,  whetstone,  enargite. 

Darmngton.— Kaolin. 

Bdgepikld  DiST.-^Psilomelane. 

Greenville  Dist.— Galenite,  pyromorphite,  kaolin,  chalcedony  in  buhrstone,  beryl, 
plumbago,  epidote,  tourmaline. 

Kershaw  Dist. — Buttle, 

Lancaster  Dist.— Gold  (Hale's  mine),  talc,  chlorite,  cyanite,  elastic  sandstone,  pyrite; 
g^ld  also  at  Blackman's  mine,  Massey's  mine,  Ezell's  mine. 

Lauren  J?  Dist. — Corundum,  damourite. 

Nkwberry  Dist. — Leadhillite. 

PiCKKN's  Dist. — Gold,  manganese  ores,  kaolin. 

Rtciiland  Dist.  — Chiastolite,  novaculite. 

SrARTANBURQ  DiST. — Magnetite,  chalcedony,  hematite ;  at  the  Cowpens,  limonite,  graphit$, 
limestone,  copperas  ;  Morgan  mine,  leadhillite,  pyromorphite,  cerussite. 

SuMTEH  Dist.— Agate. 

Union  Dist. — Fairforest  gold  mines,  pyrite,  chalcopyrite. 

York  Dist. — Limestones,  whetstones,  witherite,  barite,  tetradymite. 
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GEORGIA. 

BcRKB  AHD  SCRIVEN  CoB. — Hyalite. 

Cherokee  Go. — ^At  Canton  Mine,  ohaloopyrite,  galenite,  cUosthalite,  plnmbosnunmite, 
hitchoookite,  anenopyrite,  lanthanite,  harruUe^  earUoniU^  pyromorphite,  antomolite,  zino, 
stanrolite,  cyanite ;  at  Ball-Groond,  spodamene. 

Clark  Co.,  near  Clarksyille. — Gold,  xenatitne^  nroon,  mtile,  cyanite,  hematite,  gamei, 
quarts. 

Dade  Co. — Halloysite,  near  Rising  Fawn. 

Fannin  Co. — StauroUte!  chaloopyrite. 

Habersham  Co. — OM^ pyite,  chaloopyrite, gdUnUe, hornblende, garnet,  quarts, kaolinite, 
aoapstone,  chlorite,  rutUe^  iron  ores,  tourmaline,  staurolite,  siroon. 

Hall  Co. — GM,  quartz,  kaolin,  diamond. 

Hancock  Co. — Agate,  chalcedony. 

Heard  Co. — Mdybdite,  quarts. 

Lincoln  Co. — LazuUte! !  nitiUI  I  hematite,  ojanite,  menaocanite,  pyraph^fliUf  gold, 
itaoolumyte  rock. 

LowNS  Co. — Corundum. 

Lumpkin  Co. — At  Field^s  gold  mine,  near  Dahlonega,^«iU,  <itf rodym^,  pyxzhotite,  ohlorite, 
menaccanite,  allanite,  apatite. 

Rabun  Co. — Gold,  c^uifcopyrUe, 

Spauldino  Co. — Tetradymite. 

Washinqton  Co.  ,  near  Saundersville. — WdveBUSy  fire  opal 

AT.AttAMA, 

Bibb  Co.,  Centreville. — Ir<m  ares,  marble,  barite,  coal,  cobalt. 

Tuscaloosa  Co. — Coal,  galenite,  pyrite,  vivianlte,  limonite,  oaloite,  dolomite,  qyanifee, 
steatite,  quarts  crystals,  manganese  ores. 
Benton  Co. — Antimonial  lead  ore  (boulangerite?) 
Tallapoosa  Co.,  at  Dudleyville. — Corundum,  spinel,  feourmaline. 

FLORIDA. 

Near  Tampa  Bat. — Limestone,  sulphur  springs,  ehaloedony,  camellan,  agate,  silioiiled 
shells  and  corals. 

KENTUCKY. 

Anderson  Co.— Galenite,  barite. 
Clinton  Co. — Geodes  of  quarts. 
Crittenden  Co. — Galenite,  fluorite,  caloite. 

Cumberland  Co. — At  mammoth  OAre,  gypsum  rosettes/  oaldte,  stalactites,  nitre,  ep« 
somite. 
Fatette  Co. — Six  miles  N.E.  of  Lexington,  galenite,  barite,  witherite,  blende. 
Ltvingstonb  Co.,  near  the  line  of  Union  Co.— %hUenite,  chaloopyrite,  huge  vein  of  fluorita. 
Mercer  Co.— At  McAfee^  fluorite^  pyrite,  oaldte,  barite,  oelestite. 
Owen  Co. — Galenite,  bante. 

TENNESSER 

Brown^s  Creek.— Galenite,  blende,  barite,  oelestite. 

Carter*8  Co.,  foot  of  Roan  Mt — SaMiUy  magnetite. 

Claiborne  Co. — OaXamine,  galenite,  smithsonite,  chlorite,  steatite,  magnetite. 

Cocke  Co.,  near  Brush  Creek.— Cacoxene  ?  kraiirite,  iron  sinter,  stilpnosiderite,  bzown 
hematite. 

Davidson  Co. — Selenite,  with  granular  and  snowy  gt^psum,  or  alabaster,  crystallised  and 
compact  anhydrite,  fluorite  in  crystals?  otMte  in  crystals.  Near  Nashville,  blue  edestite^ 
(crystallised,  fibrous,  and  radiated),  with  barite  in  limestone.  Haysboro',  galenite,  blende, 
with  barite  as  the  gangue  of  the  ore. 

Dickson  Co.— Manganite. 
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Jefferson  Co. — OalamiM,  galeniie,  fetid  barite. 

Knox  Co. — Ma^esian  limestone,  native  iron^  variegated  marblet ! 

Maurt  Co. — ^Wavellite  in  limestone. 

Morgan  Co. — Epsom  salt,  nitrate  of  lime. 

Polk  Co.,  Dncktown  mines,  southeast  comer  of  State. — ^Melaoonite,  chalcopyrite,  pjxits, 
natiye  copper,  bomite,  rotile,  aoinUj  galenite,  harrieiie^  alisonite,  blende,  pyroxene^  tremoHU^ 
nUphates  of  copper  and  iron  in  stalactites,  allophane,  rahtite,  ohaloocite  (dncktownite),  duii 
ootrichite,  azurite,  malachite,  pyrrJioiite^  limonite. 

Roan  Co.,  eastern  declivity  of  Cumberland  Mts. — ^Wavellite  in  limestone. 

Sevier  Co.,  in  caverns. — ^Epsomsalt,  soda  alam,  saltpetre,  nitrate  of  lime,  hreoda  marliiU, 

Smith  Co. — Fluorite. 

Smoky  Mt.,  on  decUvity. — Hornblende,  garnet,  staurolite. 

White  Oo.— Nitre, 

OHIO. 

Bainbridgb  (Copperas  Mt.,  a  few  miles  east  of  B.)* — Calcite,  barite,  pyrite,  copperas, 
alam. 
Can  field. — Oppeum  / 
Duck  Creek,  Monroe  Ca — Petroleum. 

Lake  Ekte. — Strontian  Island,  eeleetitef  Put-in  Bay  Island,  celertitef  iulphurf  calcite. 
Liverpool. — Petroleum. 

Marietta. — Argillaceous  iron  ore ;  iron  ore  abundant  also  in  Scioto  and  Lawrence  Cos. 
Ottawa  Co. — Gypsum, 
Poland. — Gypaum  I 

MICHIGAN. 

Brest  (Monroe  Co.). — Caloits,  amethystine  quartz,  apatite,  oelestite. 

Grand  Rapids. — 8elenite,  fib.  and  gfrannlar  gypsum,  calcite^  dolomite^  anhydrits, 

*Lake  Superior  Mining  Region. — The  four  principal  regions  are  Keweenaw  Point,  Isle 
Royale,  the  Ontonagon,  and  Portage  Lake.  The  mines  of  Keweenaw  Point  are  along  two 
ranges  of  elevation,  one  known  as  the  Greenstone  Range,  and  the  other  as  the  Southern  or 
Bohemian  Range  (Whitney) .  The  copper  occurs  in  the  trap  or  amygdaloid,  and  in  the  asso- 
ciated conglomerate.  Native  copper  1  native  silver  !  chalcopyrite,  horn  silver,  tetrahedrite, 
manganese  ores,  epidote,  prehnite^  laumontite^  datolite,  beulandite,  orthoclase,  anafcite,  cha- 
bazite,  compact  datolite,  chrysocolla,  mesotype  (Copper  Falls  mine),  leonhardite  (ib.),  anakitt 
(ib.),  apypJiyllite  (at  Cliflf  mine),  wollastonite  (ib. ),  calcite,  qiuirtz  (in  crystals  at  Minnesota 
mine),  compact  datolite,  orthoclase  (Superior  mine),  eaponite,  melaconite  (near  Copper  Har- 
bor, but  exhausted),  chrysocolla  ;  on  Chocolate  River,  galenite  and  sulphide  of  copper;  chal- 
copyrite and  native  copper  at  Presq'  Isle  ;  at  Albion  mine,  domeyfdte  ;  at  Prince  Vein,  barite, 
calcite,  amethyst;  at  Michipi'».oten  Ids.,  copper  nickel,  stilbite,  analcite  ;  at  Albany  and  Bos- 
ton mine,  Portage  Lake,  pre/inite,  analcite^  orthocUise^  cuprite ;  at  Sheldon  location,  do/wy- 
kite^  whitneyite^  algodonite  ;  Isle  Royale  mine.  Portage  Lake,  compact  datolite ;  Quincy  mine, 
calcite,  compact  datolite.  At  the  Spurr  Mountain  Iron  mine  (magnetite),  chlorite  pseudo- 
morph  after  garnet. 

Marquette. — Manganite,  galenite ;  twelve  miles  west  at  Jackson  Mt.,  and  other  mines, 
kenvjtite,  Htnonite^  got  kite  !  magpsetite,  jasper. 

Monroe. — Aragonite,  apatite. 

Point  aux  Pkaux  (Monroe  Co.). — Amethystine  quartz,  apatite^  oelestite,  ealdle. 

Saginaw  Bay. — At  Alabaster,  gypsum. 

Stony  Point  (Monroe  Co.). — ^Apatite,  amethystine  quartz,  oelestite,  calcite. 

ILLINOIS. 

Gallatin  Co.,  on  a  branch  of  Grand  Pierre  Creek,  sixteen  to  thirty  miles  from  Shawnee- 
town,  down  the  Ohio,  and  from  half  to  eight  miles  from  this  river. —  Violet  fluoHte  /  in  car- 
boniferous limestone,  barite,  galenite^  blende,  brown  iron  ore. 

Hancock  Co. — kt^axsAw^  quartz geodes/  contoinmg  calcite /  c/uUcedony,  dolomite^  blende! 
brown  spar,  pyrite,  aragonite,  gypsum,  bitumen. 


ce  also  Pumpelly  ;    on  the  Paragenesis  of  copper  and  its  associate  minerals  od  Lake 
fioperior     Am.  J.  Sci.,  II  1«,  x,  17. 
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Hardin  Ck). — ^Near  Rosiclaid,  ealdte,  galenite,  blende ;  fiye  miles  back  fiom  Elisabeth 
town,  bog-iron  ;  one  mile  north  of  the  riyer,  between  Elizabethtown  and  Rosiolare,  nttrd. 

Jo  DAVIE8  Co. — At  Galena,  gaUniUy  calcite,  pyritSy  blende ;  at  Mars^^s  diggings,  gaXm^ 
He  I  blende^  eeruMite^  maroasite  in  stalactitio  forms,  pyrite. 

JoLiET. — Marble, 

QvTNCY.—CcUdU/  pyrite. 

Scales  Mound. — BariU,  pjrite. 

INDUNA. 

LiM E6TONK  Caverns  ;  Coiydon  Caves,  eto. — Bpsom  taU. 

In  most  of  t^e  southwest  counties,  pyrile^  iron  siUphcUe,  and  fectther  alum ;  on  Sugar 
Creek,  pyrite  and dron  nUpAate;  in  sandstone  of  Lloyd  Co.,  near  the  Ohio,  gyp9um;  at  the 
top  of  the  blue  limestone  formation,  brown  9par^  caicUe^ 

Lawrence  Co. — Spioe  Yalle,  kaolinite  (=indianaite). 

MINNESOTA. 

North  Shore  of  L.  Superior)  range  of  hills  running  nearly  northeast  and  southwest^ 
extending  from  Fond  du  Lac  Superieure  to  the  Kamanistiqueia  Birer  in  Upper  Canada). — 
ScoUcite^  apophyUite^  pre/inits^  stiUnU^  lawnontits^  hsuiandite,  harmoimne^  thomsonite,  fliioriti, 
barite,  tourmcUine^  epidoU^  hornblende,  calcite,  quartz  crystals,  pyrite,  magnetite,  stea- 
tite, blende,  black  oxyd  of  copper,  malachite,  native  copper,  ohalcopyrite,  amethystine 
qui^tz,  f errug^ons  quartz,  chalcedony,  camelian,  agate,  drusy  quartz,  hyalite  ?  fibrous  quartz, 
jasper,  prase  (in  the  debris  of  the  lake  shore),  dogtooth,  spar,  augite,  native  silver,  spodumene? 
chlorite  *  between  Pigeon  Point  and  Fond  du  Lao,  near  Baptism  Biver,  saponite  (thalite)  la 
amygdaloid. 

Kettle  Biter  Trap  Range. — ^Epidote,  nail-head  calcite,  amethystine  quartz,  oaldte, 
undetermined  zeolites,  saponite. 

Stillwater.  —Blende. 

Falls  of  the  St.  Croix. — Malachite,  native  copper,  epidote,  nail-head  spar. 

Baint  Lake. — ^Actinolite,  tremoUte,  fibrous  hornblende,  garnet,  pyrite,  magnetite,  steatite. 

WISCONSIN. 

Big  Bull  Falls  (near).— Bog  iron. 

Blue  Mound& — Oerussite. 

Hazle  Green. — Calcite. 

Lac  Du  Flambeau  B.— Garnet,  cyanitci. 

Left  Hand  B.  (near  small  tributary). — Malachite,  chaloodte,  native  copper,  red  coppei 
ore,  earthy  malachite,  epidote,  chlorite  ?  quartz  orystsJs. 

Linden. —  GalenUe^  smithsonitey  hydroeincUe. 

Mineral  Point  azid  vicinity. ---Copper  and  lead  ores,  chrysocolla,  aeuritef  chalcopyrite, 
malachite,  yalenUe,  oerussite,  anglesite,  blende,  pyrite^  barite,  calcite,  marcadte^  imiUMmiUi 
(so-called  ** dry-bone"). 

Montreal  Biver  Portage.— Galenite  in  gneissoid  granite. 

Sank  Co. — Hematite,  malachite,  chalcopyrite. 

SHULLSBURG.^-&a2tf7iito/  blende,  pyrite ;  at  Emmet^s  digging,  galenite  and  pyrite. 

IOWA. 

Bu  Buqub  Lead  Mines,  and  elsewhere. — Qalenite!  calcite^  blende,  black  oxide  of  man- 
ganese ;  at  Ewing^s  and  Sherard^s  diggings,  emitheonite,  calamine ;  at  Des  Moines,  quarts 
crystals,  selenite  ;  Bfakoqueta  B.,  brtnon  iron  ore;  near  Dnrango,  galenite. 

Cedar  Biver,  a  branch  of  the  Des  Moines. — Selenite  in  crystals,  in  the  bituuanous  shale 
of  the  coal  measures ;  also  elsewhere  on  the  Des  Moines,  gypsum  abundant ;  aigillaoeous 
iron  ore,  spathic  iron ;  copperas  in  crystals  on  tiie  Des  Moines,  above  the  Moath  of  Saap 
and  elsewhere,  pyrite,  blende. 

Fort  DouQK.—Geleetite. 

Makoqueta. — Hematite. 

New  Galena. — Octahedral  galenite,  anglesite. 
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inssouai. 

BiRKiNGHAM.  — Limonite. 

Granbt. — Sphalerite^  gcUenite^  calamine,  greenookite.  as  a  ooatiiig  on  sf^ialerite. 

JEFPEK80N  Co.,  at  Valle's  diggings. — Oalenite^  cerussite,  anglesite,  oalftmine,  chaloopj- 
rite  malachite,  azurite,  witherite. 

Mike  &  Burton. — OaUnits,  cerueeiUy  angleeiU,  barite^  calcite. 

Deep  Digoinqs. — Malachite,  cerussUe  in  dystals  and  manganese  ore. 

Madison  Co. — Wolframite. 

Mine  La  Motte. — Galenite/  malachite,  earthy  cobalt  and  nickel,  bog  manganese,  salph- 
ide  of  iron  and  nickel,  ceruentCy  caledonite,  plombogammite,  wolframite,  tiegetkUe^  atnaltita, 
aragonite. 

St.  Louia — MiUerite^  calcite,  dolomite,  earthy  barite,  fluorite. 

St.  Francis  River.— Wolframite. 

Perry^s  Diggings,  and  elsewhere. — Gkdenite,  eto. 

Forty  miles  west  of  the  Mississippi  and  ninety  soath  of  St.  Lonis,  the  iron  monntaiiMi, 
specular  iron,  limonite ;  10  m.  east  of  Ironton,  wolframite,  tongstite. 


ARKANSAS. 

Batesyillb. — In  bed  of  White  R.,  some  miles  above  Batesyille,  gold. 

Green  Co. — Near  GhiinesviUe,  lignite. 

Hot  Springs  Co. — At  Hot  Springs,  wavelUte,  thoringite  ;  Magnet  Coto,  hrookitef  eekof' 
lomite^  elcBoliie,  magnetite,  qoartz,  green  coccolite,  garnet,  apatite,  perofskite  (hydrotitanite), 
rutile,  ripidolite,  thomsonite  (ozarldte),  microcline,  sogirite. 

Independence  Co. — Lafferay  Creek,  psilomeluie. 

Lawrence  Co. — Hoppe,  Bath,  and  Koch  mines,  smitheonite^  dolomite,  galenite ;  nitre. 

Marion  Co. — Wood^s  mine,  smithsonite,  hydrozincite  (marionite),  galenite  ;  Poke  bayou, 
braunitet 

OuAcniTA  Springs. — Quartz?  whetstones. 

Pulaski  Co.— Kellogg  mine,  10  m.  north  of  Little  Rock,  tetrahedrite^  tenrMtnUte^  nacrite, 
galenite,  blende,  quorta. 

CALIFORNIA. 

The  principal  gold  mines  of  California  are  in  Tulare,  Fresno,  Mariposa,  Tuolumne.  Cala- 
Te\*a8,  El  Dorado,  Placer,  Nevada,  Yuba,  Sierra.  Butte,  Plumas,  Shasta,  Siskiyou,  and  Del 
Noite  counties,  although  gold  is  found  in  almost  every  county  of  the  State.  The  gold  wxjurs 
in  quartz,  associated  with  sulphides  of  iron,  copper,  zinc,  and  lead ;  in  Calaveras  and  Tuo- 
lomue  counties,  at  the  Mellones,  Stanislaus,  Golden  Rule,  and  Rawhide  mines,  associated 
with  tellurides  of  gold  and  silver ;  it  is  also  largely  obtained  from  placer  diggings,  and  further 
it  is  found  in  beach  washings  in  Del  Norte  and  Klamath  counties. 

The  copper  mines  are  principally  at  or  near  Copperopolis,  in  Calveras  county  ;  near  GeneRce 
Valley,  in  Plumas  county ;  near  Low  Divide,  in  Del  Norte  county  ;  on  the  north  fork  of 
Smith's  River ;  at  Soledad,  in  Los  Angeles  county. 

The  mercury  mines  arc  at  or  near  New  Almaden  and  North  Almaden,  in  Santa  Clara  county; 
at  New  Idria  and  San  Carlos,  Monterey  county ;  in  San  Luis  Obispo  county ;  at  Pioneer 
wine,  and  other  localities  in  Lake  county ;  in  Santa  Barbara  county. 

Ar.riNE  Co. — Morning  Star  mine,  enargite^  stephanite,  polybasite,  barite,  quartz,  pyrite, 
tetrahedite. 

Amador  Co. — At  Volcano,  chalcedony,  hyalite. 

Alameda  Co. — Diabolo  Rang^e,  magnesite. 

Butte  Co. — Cherokee  Flat,  diamond,  platinum,  iridoemine. 

Calav?:uas  Co. — Copperopolis,  chaloopyrite,  malachite,  azurite.^  serpentine^  pierolite^  native 
copper,  near  Murphy's,  jasper,  opal ;  albite,  with  gold  and  pyrite  ;  Mellones  mine,  ccUaterite^ 
peUite. 

(/ONTRA-Costa  Co. — San  Antonio,  chalcedony. 

Dkl  Nohte  Co. — Crescent  City,  agate,  camelian;  Low  Divide,  chalcopyrite,  bomite, 
malachite  ;  on  the  coast,  iridosmine,  platinum. 

El  Dorado  Co. — Pilot  Hill,  chalcopyrite;  near  Georgetown,  hessite.  from  placer  dig- 
giugs ;  Ro{,'er'R  Claim,  Hope  Valley,  grossiilar  garnet,  in  copper  ore;  Coloma,  chromUe; 
Spanish  Dry  Diggings,  gold;  Granite  Creek,  roscoelite,  gold. 
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Fresno  Ck>. — Ohowchillas,  andaltuiU, 

Humboldt  Co. — Giyptomorphite. 

Inoo  Co. — Ingo  diBtriot,  galenite^  eenimts^  anglesite,  barite,  atacamite,  oalcito,  groistUar 
garnet  / 

Lake  Co. — Borax  Lake,  borax!  sassob'te,  glauberite  ;  Pioneer  mine,  cinnabar,  native  mer- 
cury, selenide  of  mercury  ;  near  the  C^eysers,  sulphur,  hyalite ;  Redington  mine,  metaoinna- 
barite. 

Los  Anoeles  Co.— Near  Santa  Anna  River,  anhydrite:  Williams  Pass,  chalcedony; 
Boledad  mines,  chalcopyrite,  garnet^  gypsum ;  Mountain  Meadows,  garnet,  in  copper  ore. 

Mabiposa  Co. — Chalcopyrite,  itacolumyte;  Centreville,  cinnabar;  Pine  Tree  Mine,  tetra- 
hedrite  ;  Bums  Creek,  limonite ;  Geyer  Gulch,  pyrophyllite  ;  La  Victoria  mine,  aeurite  I  neaz 
CoultervUle.  cinnabar ,  gold. 

Mono  Co. — Partzite. 

MoNTBRET  Co. — Alisal  Mine,  arsenic ;  near  Paneches,  chalcedony  ;  New  Idria  mine,  cin- 
nabar ;  near  New  Idria,  chromite,  zaratite,  chrome  garnet ;  near  Pacheco's  Pats,  stibnite. 

Nevada  Co. — Grasii  Valley,  gold!  in  quartz  veins,  with  pyrite,  chalcopyrite,  blende, 
aisenopyiite,  galenite,  quartz^  biotite  ;  near  Truckee  Pass,  gypsum  ;  Excelsior  Mine,  molyb- 
denite, with  molybdenite  and  gold  ;  Sweet  Land,  pyrolusite. 

Placer  Co.— Miner's  Bavine,  epidote!  with  quartz,  gotd. 

Plumas  Co. — Genesee  Valley,  chalcopyrite  ;  Hope  mines,  bornite,  sulphur. 

Santa  Barbara  Co. — San  Amedio  Canon,  stibnite,  asphaltum,  bitumen,  maltha,  petro- 
leum, cinnabar,  iodide  of  mercury  ;  Santa  Clara  River,  sulphur. 

San  Diego  Co. — Carisso  Creek,  gypsum  ;  San  Isabel,  tourmaline,  orthoclase,  garnet. 

San  Francisco  Co. — Red  Island,  pyrolusite  and  manganese  ores. 

Santa  Clara  Co. — New  Almaden,  dnnabar^  oaleite,  aragomte,  serpentine,  chrysolite, 
quartz,  aragotite ;  North  Almaden,  chromite ;  Mt.  Diabolo  Range,  magnesite,  datolite,  with 
yesuvianite  and  garnet. 

San  Luis  Obispo  Co. — Asphaltum,  cinnabar,  native  mercury. 

San  Bernardino  Co. — Colorado  River,  agate,  trona ;  Temesoal,  cassiterite  ;  Russ  Dis- 
trict, galenite,  cerussite  ;  Francis  mine,  cerargyrite. 

Shasta  Co. — Near  Shasta  City,  hematite,  in  large  masses. 

Siskiyou  Co. — Surprise  Valley,  selenite,  in  large  slabs. 

Sonoma  Co. — ^Actinolite,  garnets. 

Tulare  Co. — Near  Visalia,  magnesite,  asplialtum. 

TuoLUMifE  Co.— Tourmaline,  tremolite;  Sonora,  graphite;  York  Tent,  chromite;  (Joldea 
Rule  mine,  petzitey  oalaveriU,  altaite,  hessite,  magnesite,  teferahedrite,  gold ;  Whiskey  Hill 
gold/ 

Trinity  Co. — Cassiterite,  a  single  specimen  found. 

LOWER  CALIFORNIA. 
La  Paz. — Ouprosoheelite.    Loretto. — Natrolite,  siderite,  selenite. 

UTAH. 

Beater  Co. — Bismuthinite,  bismite,  bismutite. 

TiNTic  District. — At  the  Shoebridge  mine,  the  Dragon  mine,  and  the  Mammoth  vein, 
enargite  with  pyrite. 

Box  Elder  Co.— Empire  mine,  wulfemte! 

In  the  Wahsatch  and  Oquirrh  mountains  there  are  extensive  mines,  especially  of  ores  of 
lead  rich  in  silver.  At  the  Emma  mine  occur  galenite,  cervantite,  cerussite,  wulfenite, 
azurite,  malachite,  calamine,  anglesite,  linarite,  sphalerite,  pyrite,  argentite,  stephanite, 
etc.     At  the  Lucky  Boy  mine,  Bntterfield  Cafion.,  orpiment,  realgar. 

One  hundred  and  twenty  miles  south-west  of  Salt  Leike  City,  topaz  has  been  found  in  color* 
less  crystals. 

• 

NEVADA. 

Carson  Valley.— Chrysolite. 

Churchill  Co. — Near  Ragtown,  gay-luesitSj  trona,  common  salt. 

CoMSTOCK  Lode. — Gold,  fiative  silver,  argentite,  et^phanite,  polybasite,  pyrargyrite,  prous- 
tite,  tetrahedrite,  cerargyrite,  pyrite,  chalcopyrite,  galenite,  blende,  pyromorphite,  allemoa 
tite,  arsenolite,  quartz,  oaltute,  gypsum,  cerussite,  cuprite,  wulfenite,  amethyst,  kUstelite. 
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EsMKRALDA  Co.— Alnm,  12  m.  north  of  Silver  Creek ;  at  Aurora,  flaorite,  stlbnite ;  neai 
Mono  Lake,  native  copper  and  onprite,  obsidian ;  Colombos  distriot,  ulezite  ;  Walker  Lake, 
gypsum,  hematite  ;  Silver  Peak,  talt^  saltpetre,  sulphur,  silver  ores. 

Humboldt  District. — Shebamine,  native  silver^  jamesonUey  stibnite,  tetrah«irits,  proni- 
tite.  blende,  cernssite,  calcite,  boumonite,  pyrite,  galenite,  malachite,  xanthooone  (1^ 

Mammoth  Distuict. — OithoeUute^  tnrquois,  hUbneHUy  scheelibe. 

Reese  River  District. — Native  silver,  praustits^  pyrargyrite^  stephanite,  blende,  polj- 
basite,  rhodochrosite,  embolite,  tetrahedriUI  oerargyiite,  embolite. 

San  Anton ia. — Belmont  mine,  stetefeldtite. 

Six  Mile  Ca5^on. — SelenUe. 

Ormsbt  Co. — W.  of  Carson,  epidote. 

Store Y  Co. — Alum,  natrolite,  soolezite. 

ARIZONA. 

On  and  near  the  Colorado,  gold,  silver,  and  copper  mines;  at  BiU  Williams*  Fork,  chiy- 
•ooolla,  malachite,  atacamite,  broohantite ;  Dayton  Lode,  gold,  fluorite,  cerargyrite :  Skinnez 
Lode,  octahedral  fluorite ;  at  various  places  in  tiie  southern  part  of  the  territory,  silver  and 
eopper  mines ;  Heintzelmann  mine,  itromeyerite,  chalcooite,  tetrahedrite,  atacamite.  Mont* 
gomery  mine,  Harsayampa  Dist ,  tetradymite.     Whitneyite,  in  Southern  Arizona. 


OREGON. 

Gold  is  obtained  from  beach  washings  on  the  southern  coast ;  quarts  mines  and  placet 
mines  in  the  Josephine  district ;  also  on  the  Powder,  Burnt,  and  John  Day^s  rivers,  and  othet 
lilaces  in  eastern  Oregon ;  platinum,  iridosmine,  laurite,  on  the  Rogue  River,  at  Port  Oxford, 
and  Cape  Blanco.     In  Curry  Co. ,  priceite. 

IDAHO. 

In  the  Owyhee,  Boise,  and  Flint  districts,  gdd^  also  extensive  silver  mines ;  Poor  Man  Lode, 
terargyrite!  proustite^  pyrargyrUe!  native  silver ^  gold,  pyromorphite,  quartz,   malachite; 
polybasite ;  on  Jordan  Creek,  stream  tin ;  Rising  Star  mine,  ttep/ianite,  atgeniite^  VT^^^^ 
rite. 

MONTANA. 

Many  mines  of  gold,  etc.,  west  of  the  Missouri  R.    Highland  District. — Tetradymite 
Silver  Star  Dist. — Psittacinito. 

In  the  Yellowstone  Park,  in  Montana  and  Wyoming  Territories. — Oeyseiite, — Amethysi 
chaieedo?iy,  quartz  crystals,  quartz  on  calcite,  etc. 

COLORADO.* 

The  principal  gold  mines  of  Colorado  are  in  Boulder,  Gilpin,  Clear  Creek,  and  Jefferson 
Cos.,  on  a  line  of  country  a  few  miles  W.  of  Denver,  extending  from  Long's  Peak  to  Pike's 
Peak.  A  large  portion  of  the  gold  is  associated  with  veins  of  pyrite  and  chalcopyrite  ;  silver 
and  lead  mines  are  at  and  near  Georgetown,  Clear  Creek  Co.,  and  to  the  westward  in  Sum- 
mit Co.,  on  Snake  and  Swan  rivers. 

At  the  Gkorgetown  mines  are  found  :— native  silver,  pyrargyrite,  argentite,  tetrahedrite, 
pyromorphite,  galenite,  sphalerite,  azurite,  aragonite,  barite,  fluorite.  mica. 

Tkaii.  Chekk. — Garnet,  epidote,  hornblende,  chlorite  ;  at  the  Freeland  Lode,  tetrahedrite^ 
tennaDtito,  anglesite,  caledonite,  cernssite,  tenorite,  siderite,  azurite,  minium  ;  at  the  Cham- 
pion Lodu,  ti.uorite,  azurite,  chrysocoUa,  malachite;  at  the  Gold  Belt  Lode,  vivianite;  at 
the  Kelly  Loflc,  tenorite ;  at  the  Coyote  Lode,  malachite,  cyanotrichite. 

Near  i;t.a(  K  Hawk.— At  Willis  Gulch,  enargite.  fluorite,  pyrite  ;  at  the  Gilpin  County 
Lode,  cerar[,^yrite  ;  on  Gregory  Hill,  feldspar;  North  Clear  Creek,  lievrite.  —  Galenite! 

"^  See  the  Catalogue  of  Minerals  of  Colorado  by  J.  Alden  Smith. 
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Bbab  Cbeek. — ^Flnorite,  beryl;  near  the  Malachite  Lode,  vuxlae^Ue,  cuprite^  yefinTianito, 
topazolite ;  Liberty  Lode,  chalcocite. 

Snakb  Biveb. — Penn  District,  embolite;  at  seyeral  lodes,  pyrargyrite,  native  ailver, 
aznrite. 

EcssETiL  District. — ^Delaware  Lode,  chalcopyrite^  ciystallized  galenite, — ^Epidote,  pyritai 

Virginia  Ca^on. — Epidote,  fluorite ;  at  the  Giyntai  Lode,  native  silver,  spineL 

Sugar  Loak  District. — Chalcocite,  pjrrrhotite,  garnet  (manganesian). 

Central  City. — Gramet,  tenorite ;  at  Leavitt  Lode,  molybdenite;  on  Qunnell  Hall,  mag 
netite  ;  at  the  Pleasantview  mine,  cemssite. 

Golden  City. — Aragonite  ;  on  Table  Mountain,  lendte  in  amygdaloid. 

Bergen's  RANCHB.---Ganiet.  aotinolite,  calcite. 

Boulder  Co.,  Red  Cloud  Mine. — Native  tellurium,  altaite,  hessite  (petzite),  qrlvanite, 
oalaverite,  schirmerite. 

Lake  City,  at  the  Hotchkiss  Lode. — Petzite,  calaverite  (?),  etc. 

PiKE*8  Peak,  on  Elk  Creek. — AtnazoniUme//  itmoky  quarUl  atentur%7^  fddtpar^  ame 
thyst,  cUbite,  fluorite,  hematite,  anhydrite  (rare),  oolumbite. 

CANADA. 

CANADA  BAST. 

Abercrombie.  — Labradorite. 

Bay  St.  FAVL.—Mennaccanite/  apatite,  allanite,  rutile  (or  brookite  f) 

AUBEBT.  —  Gold,  iridosmine,  platinum. 

Bolton.  —  ChromUe.  magnesite,  serpentine,  picrolite,  steatite,  bitter  spar,  wad. 

BouciiEBViLLE.--^tt^i<«  in  trap. 

Broke. — Magnetite^  chalcopyrite,  9phene,  menaccanite,  phyllite,  sodalite,  oanorinite, 
galenite,  chloritoid. 

CHAMBiiY.— Analcite,  chabazite  and  calcite  in  trachyte,  menaecanite. 

Chateau  Richer. — Labradoritey  hypersthene^  andesite. 

Daillebout. — Blue  spinel  with  clintonite. 

Gbenville. — WoUastonite,  sphene^  vesuvianite,  calcite,  pyroxene,  steatite  (rensselaerite), 
garnet  (cinnamon-stone),  tireon,  graphite^  acapokte. 

Ham. — Chromite  in  serpentine,  diallage,  antimony  I  tenarmantUe  I  kermente,  wUmtmUe^ 
stibnite. 

iNYEBNEsa — Variegated  copper. 

Lake  St.  Francis. — Andalusite  in  mica  slate. 

Landsdown.  — Barite. 

Leeds. — Dolomite,  chalcopyrite,  gold,  chloritoid. 

MiLLE  Isles. — Labradorite/  menaccanite,  hypersthene,  andesite,  wircon. 

Montreal. — Calcite^  augit^,  sphene  in  trap,  chrysolite,  natrolite,  dawsonite. 

MoRiN. — Sphene^  apatite,  labradorite. 

Orford. — White  garnet,  chrome  garnet,  miUerite,  serpentine. 

Ottawa. — Pyroxene. 

Polton. — Chromite,  steatite,  serpentine,  amianthus. 

Rouqemont. — Augite  in  trap. 

Sherbrook. — At  Suffield  mine,  albite!  native  silver,  argentite,  chalcopyrite,  blende. 

St.  Arm  and. — Micaceous  iron  ore  with  quartz,  epidote. 

St.  Francois  Beauce. — Gold,  platinum,  iridosmine,  menaccanite,  magnetite,  serpentine, 
chromite,  soapsbone,  barite. 

St.  Jerome. — Spliene.  apatite^  chondrodite,  phlogopite,  tourmaline^  sircon^  molybdenite, 
pyrrhotite. 

St.  Norbert. — Amethyst  in  greenstone. 

Stukeley. — Serpentine,  verd-antigue  /  schiller  spar. 

SVTTOV.— Magnetite  in  fine  crystids,  hematite,  rutHe,  dolomite,  magnetite,  chromiferoui 
Udf:  bitter  spar,  steatite. 

Upton. — Chalcopyrite,  malachite,  caldte. 

Vaudreuil. — Limonite,  vivianite. 

Yamaska. — Sphene  in  trap. 

CANADA  WEST. 

Arn  PRIOR.  —Calcite. 

Balsam  Lake. — Molybdenite,  scapolite,  quartz,  pyroxene,  pyrite. 
Brantford. — Sulphuric  acid  spring  (4 '2  parts  of  pure  sulphuric  acid  in  1000). 
Batiiurst. — Barite,  black  tourmaline,  pcrtkUe  (oithodase),  pmftmto  (albite),  bytawnUe^ 
pyroxene,  wilsonite,  scapolite,  apatite,  titanite. 
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Bbockyille.— Pyrite. 

Brome. — Magnetite. 

Bruce  Mikes. — Gaidte^  dolomite,  qoartz,  chalcopyrite. 

Burgess. — Pproeeene^  albite,  mica^  sapphire^  sphene,  obalcopyrite,  otpaUU,  blaek  spmelj 
spodumene  (in  a  boulder),  Berpentine,  biotite. 

Bttown. — Caicitej  bytatonite,  chondrodite,  spinel 

Gape  Ipperwash,  Lake  Horon. — Oxalite  in  Bhales. 

Clarendon. —  Veiumcmite. 

Dalhousie. — Hornblende,  dolomite. 

D  !i  u  MMUND.  — Labradorite. 

Elizabethtown. — Pyrrhotite,  pyrite,  caloitej  magnetite,  talc,  phlogopite,  siderite,  t^' 
tite,  cacoxenite. 

EfiMSEY. — Pyroxene,  sphene,  feldspar,  Untrmaline,  apatite,  biotite,  uroon,  red  spinel, 
cbondrodite. 

FiTZROY. — ^Amber,  brown  UmrmaUne^  in  quarts. 

G<ETINEAU  RiYER,  Blasdell's  Mills. — Calcite,  apatite,  tourmaline,  hornblende,  pyroxene. 

Grand  Calumet  Island. — ApatiU^  phlogapite  I  pyroxene  I  sphene,  vemvianiU//  terpen- 
tine, tremolite,  scapolite^  brown  and  black  tourmaline  !  pyrite,  loganite. 

High  Falls  op  the  Madawaska. — Pyroxene!  hornblende. 

Hull. — Magnetite^  garnet,  graphite. 

HuNTERt^TowN. — J^polUe,  HphcM^  vesuvlanlte,  garnet,  broum  taurmaHne/ 

H  UNTINGTON.  —  GaldU  I 

INNISKILLEN.  — Petroleunu 

K ING  8TON . — Ceiestite. 

Lac  des  Chats,  Island  Portage. — Brown  tourmaHnef  pyrite,  calcite,  quarti. 

Lanark. — Raphilite  (hornblende),  serpentine,  asbestns. 

Landstown. — Baritel  vein  27  in.  wide,  and  fine  crystals. 

Madoc. — Magnetite. 

Mamora. — Magnetite,  chalcolite,  garnet,  epsomite,  specular  iron. 

Maimanse. — PitcJtblende  (coracite). 

McNab. — Hematite,  barite. 

Michificoten  Island,  Lake  Superior. — Domeykite^  mceolite^  genthit€» 

Newborouoh. — GhondrocUte^  graphite. 

Packknham.  -Hornblende. 

Perth. — Apatite  in  large  beds,  phlogopite. 

South  Crosby. —Chondrodite  in  limestone,  magnetite. 

St.  Adicle. — Chondrodite  in  limestone. 

St.  Ignack  Island. —  Calcite^  native  copper, 

Sydenham.— Ceiestite. 

TiouRACE  Cove,  Lake  Superior. — Molybdenite. 

Wallace  Mine,  Lake  Huron. — Hematite,  nickel  ore,  nickel  vitriol. 

NEW  BRUNSWICK.* 

Ai-BERT  Co. — Hopewell,  gypsum ;  Albert  mines,  coal  (albertite) ;  Shcpody  Mount  am, 
alunite  in  clay,  calcite,  iron  pyrites,  maicganite,  psilomelane,  pyrolvsite. 

Carleton  Co. — Woodstock,  chalcopyrite,  hematite,  limonite,  wad. 

Charlotte  Co.  —  Campobello,  at  Welchpool,  blende,  chalcopyrite,  bornite,  galenite, 
pyrit* ;  at  head  of  Harbor  de  Lute,  galenite  ;  Deer  Island,  on  west  side,  calcite,  magnetite, 
quar1.z  crystals;  Digdignash  River  on  west  side  of  entrance,  cahite!  (in  conglomerate), 
chalcedony  ;  at  Rolling  Dam,  graphite ;  Grandmanan,  between  Northern  Head  and  Dark 
Harbor,  agate,  amethyst,  apf>j)/{yUUe,  calcite,  hematite,  heulandite,  jasper,  magnetite,  natro- 
lite,  stilbite  ;  at  Whale  Cove,  cahite  !  heulandite,  laumontite.  stilbite,  seini-optU  !  Wagagna- 
davic  River,  at  entrance,  azurite,  chalcopyrite  in  veins,  malachite. 

Gloucester  Co. — Tete-a-Gouche  River,  eight  miles  from  Bathurst,  chalcopyiite  (mined), 
OxUle  of  nmnganeHe  !  !  formeriy  mined. 

Kings  Co.— Sussex,  near  Cleat's  mills,  on  road  to  Belleisle,  argentiferous  galenite;  one 
mile  north  of  Baxter's  Inn,  specular  iron  in  crystals,  limonite ;  on  Capt.  McCready's  farm, 
Beleriite/  ! 

Rkstigouche  Co. — Belledune  Point,  calcite!  serpentine,  verd-antigue ;  Dalhousie,  agate, 
camel  ian. 


*  For  a  more  complete  list  of  localities  in  New  Brunswick,  Nova  Scotia,  and  Newfound' 
Bce  catalogue  by  O.  0.  Marsh,  Am,  J.  Sci.,  II.  xxxv.  210,  1863. 
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Saint  John  Co. — Black  River,  on  ooast,  calcite,  chlorite,  ohaloopjrite,  hematite/  Brandy 
Brook,  epidote,  hornblende^  qoartz  crystals ;  Carleton,  near  Falls,  (nloite ;  Chance  Harbor, 
ealcite  in  quartz  veins,  chlorite  in  ar^laceoos  and  talcooe  slate ;  Little  Dipper  Harbor,  on 
west  side,  in  greenstone,  amethyst,  baiite,  quartz  crystals  ;  Moosepath,  feldspar,  hornblende, 
muscovite,  black  tourmaline ;  Musquash,  on  east  side  harbor,  copperas,  graphite,  pyrite  ;  ai 
Shannon's,  chrysolite,  serpentine ;  east  side  of  Musquash,  quarts  cryetale !  ;  Portland,  a( 
the  Falls,  gpnphite  ;  at  Fort  Howe  Hill,  ealdUy  graphite  ;  Crow's  Nest,  asbestus,  ohryeolitei 
magnetite,  serpen tine^  steatite;  Lily  Lake,  white  augite?  chrysolite,  graphite,  serpentine, 
steatite,  talc;  How's Boad,  two  miles  out,  epidote  (in  syenite),  steatite  in  limestone,  tremo 
lite;  Dmry's  Cove,  g^raphite,  pyrite,  pyrallolite  ?  indurated  talc ;  Quaco,  at  Lighthouse  Point, 
large  bed  oxyd  of  manganese ;  Sheldon's  Point,  actinolite,  asbestus,  caldte,  epidote^  mala- 
chite, specular  iron ;  Cape  Spenser,  asbestus,  ealcite,  chlorite,  specular  iron  (in  crystals) ; 
Weetbeach,  at  east  end,  on  Evans^  farm,  chlorice,  talc,  qiiarU  crystals  ;  half  a  mile  west, 
chlorite,  chalcopyrite,  magnesite  (vein),  magnetite ;  Point  Wolf  and  Salmon  River,  asbestus, 
chlorite,  chrysocolla,  chalcopyrite,  bomite,  pyrite. 

YlCTORTA  Co. — Tabique  River,  agate^  earaelian^  jasper;  at  mouth,  south  side,  galenite  ; 
at  mouth  of  Wapskanegan,  gypsum,  salt  spring  ;  three  miles  above,  stalactites  (abundant) ; 
Qnisabis  River,  blue  phosphate  of  iron,  in  clay. 

Westmoreland  Co. — Bellevue,  pyrite;  Doroester,  on  Taylor's  farm,  cannel  coal;  clay 
ironstone  ;  on  Ayres's  farm,  asphaltum,  petroleum  spring ;  Grandlance,  apatite,  selenite  (in 
large  crystals) ;  Memramcook,  coal  (albertite) ;  Shediao,  four  miles  up  Scadoue  River,  coal. 

ToRK  Co. — Near  Fredericton,  stibnite,  jamesonite,  berthierite ;  Pokiook  River,  sUbnite, 
Un  pyrites  f  in  granite  (rare). 

NOVA  SCOTIA. 

Annapolis  Co. — Chute's  Cove,  apoyhylUte^  natrolite;  Gates'  Mountain,  analdte,  mngne- 
tite,  mesolite  /  nairolitey  stilbite ;  Martial's  Cove,  analdte !  ohabasite,  heiUandtte ;  Muose 
River,  beds  of  magnetite ;  Nictau  River,  at  the  Falls,  bed  of  hematite  ;  Paradise  River,  black 
tourmaline,  smoky  quartz  !  !  ;  Port  George,  farOelite,  laumontite,  mesolite,  stilbite  ;  east  of 
Port  Greoige,  on  coast,  apophyUite  containing  gyrolite  ;  Peter's  Point,  west  side  of  Stonock's 
Brook,  apophyUite  I  ealcite,  heulandite,  laumontite  I  (abundant),  native  copper,  stilbite  ;  St. 
Croix  Cove,  chabazite,  heulandite. 

Colchester  Co. — ^Five  Islands,  East  River,  harite!  ealcite,  dolomite  (ankerite),  hematite, 
chalcopyrite ;  Indian  Point,  malachite,  magnetite,  red  copper,  tetrahedrite ;  Pinnacle  Islands, 
analdte,  ealcite,  chabazite!  natrolite,  siliceous  sinter;  Londonderry,  on  branch  of  Great 
Village  River,  barite,  ankerite,  hematite,  limonite,  magnetite ;  Cook's  Brook,  ankerite,  hema- 
tite ;  Martinis  Brook,  hematite,  limonite ;  at  Folly  River,  below  Falls,  ankerite.  pyrite  ;  on 
high  land,  east  of  river,  ankerite,  hematite,  limonite ;  on  Archibald's  land,  ankerite,  barite^ 
hematite ;  Salmon  River,  south  branch  of,  chalcopyrite,  hematite ;  Shubenacadie  River, 
anhydrite,  ealcite,  barite,  hematite,  oxide  of  manganese ;  at  the  Canal,  pyrite ;  Stewiacke 
River,  barite  (in  limestone). 

CuBiBERLAND  Co. — Cape  Chiegnecto,  barite;  Cape  D'Or,  analdte^  apophyUite / /  ohaba- 
site, faroelite,  laumontite.  mesolite^  malachite,  natrolite^  native  cxypper^  obsidian,  red  copper 
(rare),  vivianite  (rare) ;  Horse-shoe  Cove,  east  side  of  C^ape  D'Or,  analcite,  ealcite,  stilbite ; 
Isle  Haute,  south  side,  analcite,  apophyUite  !  I  ealcite,  heidanOite !  !  natrolite,  mesolite,  stiU 
bite!  Joggins,  coal,  hematite,  limonite;  malachite  and  tetrahedrite  at  Seaman^s  Brook* 
Partridge  Island,  analcite,  apophyUite!  (rare),  amethyst!  agate,  apatite  (rare),  ealdte!/ 
chabazite  (acadialite).  chalcedony,  cat's-eye  (rare),  gypsum,  hematite,  heulandite !  magne- 
tite, sti'bite!  !  ;  Swan's  Creek,  west  side,  near  the  Point,  ealcite,  gypsum,  heulandite,  pyrite  : 
east  side,  at  Wasson's  Bluff  and  vicinity,  analdte!  !  apophyUite!  (rare),  ealcite^  ehzbazite! / 
(acadialite),  gypsum,  Jieulandite! !  natrolite!  siliceous  sinter;  Two  Islands,  moss  agate, 
analcite,  ealcite,  chabazite,  heulandite  ;  McKay's  Head,  analcite,  ealcite,  heulandite,  silicemis 
dnter  ! 

DiGBY  Co. — Brier  Island,  native  copper,  in  trap;  Digby  Neck,  Sandy  Cove  and  vicinity, 
agate,  amethyst^  ealcite,  c^iabazite,  hematite!  laumontite  (abundant),  magnetite,  stilbite^ 
quartz  crystals;  Gulliver's  Hole,  magnetite,  stilbite! ;  Mink  Cove,  amethyst,  diabazitfii 
quartz  crystals;  Nichols  Mountain,  south  side,  amethyst,  magnetite! ;  Williams  Brook, 
near  source,  chabazite  (green),  heulandite,  stilbite,  quartz  crystaL 

GuYSBORO'  Co. — Cape  Canseau,  andaludte. 

Halifax  Co. — Gay's  river,  galenite  in  limestone ;  southwest  of  Halifax,  garnet,  staurolite, 
tourmaline :  Tangier,  gold!  in  quartz  veins  in  clay  slate,  associated  with  auriferous  pyrites, 
gralenite,  hematite,  mispickel,  and  magnetite ;  gold  has  also  been  found  in  the  same  forma- 
tion, at  Country  Harbor,  Fort  Clarence,  Isaac's  Harbor,  Indian  Harbor,  Laidlow's  farm, 
liawrencetown,  Sherbrooke,  Salmon  River,  Wine  Cove,  and  other  places. 
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Hants  Co.— Cheverie,  mdde  ol  nutnganae  (in  limaatone) ;  Petite  BiTer,  gypsnin,  oziila  of 
nuDfcaoese ;  WindKcx,  oslcite,  ci7ptomorphit«  (boTOOKtrooalcdte) ,  bowlite,  glanber  ault.  Tba 
iMt  three  misenls  axe  foimd  in  b«da  of  ^penm. 

KlNGB  Co. — Black  Book,  oentntllanite,  ceiinite ;  CTsnolite  ;  »  few  miles  eaat  at  Black 
Biick,  prehnite  f  ttilbiu  I ;  Cape  Blomidon,  on  the  cowt  between  the  cape  and  Oape  Split, 
the  toUowing  minerali  oocur  in  many  placee  (BOme  of  the  beet  localities  are  nearl;  oppoeite 
Uape  Sharp);  analeiitf  /  agaU,  ameUigtt!  apophyUite!  oaloite,  ohalcedoDf,  chabuite,  gme- 
HniU  (ledererite),  hematite,  hmlandiul  lanmontite,  magnetite,  malachite,  mtnoHU,  nativa 
copper  (lare).  natroHtt/  pailomelane,  ttilbit«/  thomaonlte.  faroelite,  qrinrU;  North  Hoon- 
taina,  amethyst,  bloodstone  (rare),  fermginint*  gvartt,  maoHU  (in  soil) ;  Long  Point,  fiie 
miles  west  of  Blaok  YHoct, hadaiidiu,  lavnumtite} I  ttObile! I ;  Hoiden,  apophyUiU,  mar- 
deniU  ;  Scot's  Bay,  agiUt,  ametbyst,  ckaic^dann.,  meaolite,  natiolite  ;  Woodworth's  Cove,  a 
few  mUo  west  of  Soot's  Bay,  agate  I  eJtnUedony  I  jtuper. 

LmiCHBUBO  Co. — ^CheBter,  Gold  RiTer,  gold  in  qoarti,  pyrite,  mlspickel  ^  Cap«  1ft  Hafe, 
pyrite;  The  "  OvenB,"  goid,  pyrite,  arBanopyrite;  Petite  Riter.  gold  in  slate. 

PiCTOU  Co. — Pictoa,  jet,  oxide  of  mangaoeae,  limonite  ;  at  Boder's  Hill,  six  miles  west  of 
Pioton,  Iwrite ;  on  Carribon  Biver,  gray  copper  and  maiaohite  in  lignite ;  at  Albion  mine*, 
00*1,  limonite ;  East  Ritei,  Itmonite. 

QuEBKB  Co. — Westfleld,  gold  in  qnarti,  pyrite,  arsenopjnite ;  Five  Birera,  nui  Big  Fall, 
gold  in  qnattt,  pyrite,  anenopyrite,  limonite. 

BlOBHOND  Co. — W«et  of  Flaial«r  Cove,  barite  and  oaldte  in  sandstone ;  ne^reT  the  Con, 
caldte,  JIuM^tf  (blae],  8iderlt& 

Shelbubhe  Go, — Shelbnme,  near  month  of  harbor,  garnets  (in  gneiss] ;  near  die  town, 
rose  qnaitt :  at  Jordan  and  Sable  River,  ttavroHU  (abundant),  sdiiller  spar. 

BVDNET  Co. — Hills  east  of  Lochaber  Lake,  pyrite,  chaloopyrite,  aideride,  hematite ;  Hot- 
liatown,  epidote  in  trap,  gypsum. 

Zaruouth  Oo. — Croam  Pot,  above  Cranberry  Hill,  gold  in  qnaita,  pyrite;  Cat  Bock, 
Fonobn  Point,  asbetrtna,  caloite. 

KEWFOUKOLAND. 

Aktomt'b  lauuxo.—PyTitA 

Cataliha  Harbob.— On  the  shore,  pyr»(s/ 

Chalkt  UiiA-.—Fe/thpar. 

CoppBR  IBLAKD,  One  of  the  Wodham  gTonp. — Chaieopyrit-e. 

CoHCBFTiUN  Bat. — On  the  shore  sonth  of  Brigna,  bomite  and  giAy  copper  in  trap. 

Bay  of  Islands. — Southern  shore,  pyrite  in  slate. 

Lawn. — Oalenite,  eerarffyrtU,  prouatite,  argentiCe. 

Places Ti A  Eat. — AtLaManohe,  two  miles  eastward  o(  Little  Sonthfetn  Harbor,  fr'^'^nif/.'; 
on  the  opposite  side  of  the  isthmnB  from  Placentla  Bay,  baiita,  in  a  Urge  vein,  ocoaaiouill; 
accompanied  by  cbalcopyrite. 

Shoal  Eat. — South  of  St,  John's,  cbalcopyrite. 

Tbinit*  Bay. -^Western  extremity,  barite. 

Hakbob  Qbbat  St.  Lawbbhcb.— West  side,  fluo:ide,  galanite. 
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AoadiaHte,  823. 

Acanthite,  317. 
Aohrematite,  863. 
Achroite,  308. 
Acmite,  372. 
Aotinolite,  375. 
Adamine,  Adamite,  851. 
Adelpholite,  341. 
AdQlar,  Adalaria,  808. 
iEgirine,  M^sjritQ,  373. 
ASrinite,  828. 
iEschynite,  840. 
AgalmatoUte,  837,  880. 
Agaric  mineral,  378. 
Agate,  364. 
Agricolite,  380. 
Aikiuite,  383. 
Akanthit,  v.  Acanthite. 
Akmit,  V,  Acmite. 
Alabandite,  315. 
Alabaster,  371. 
Alalite,  271. 
Alaan,  «.  Alum. 
Alaonstein,  374. 
Albertite,  894. 
Albite,  301. 
Alexandrite,  258. 
Algodonite,  213. 
Alipite,  329. 
AUanite,  286. 
Allemontite,  205. 
AUochroite,  v,  Andradito. 
Alloclasite,  226. 
Allophane,  319. 
Allophite,  834. 
Almandin,  Almandite,  281. 
ALstonite,  v.  Bromlite. 
Altaite,  215. 
Alum.  Native,  878. 
Aluminite,  873. 
Alonite,  874. 
Alonogen,  373. 
Amalgam,  203. 
Amazonstone,  308. 
Amber,  393. 
Amblystegite,  268. 
Amblygonite,  347. 
Ambrite,  898. 
Ambrosine,  898. 
Amethyst,  264. 
Amianthus,  375,  838. 


Amphibole,  374. 
Analcite,  Analcime,  331. 
Anatase,  355. 
Andaloaite,  309. 
Andesine,  Andeslte,  800. 
Andradite,  383. 
Andrewsite,  856. 
Anglesite,  867. 
Anhydrite,  867. 
Ankerite,  880. 
Annabergite,  850. 
Annite,  ^1. 
Anorthite,  399. 
Antholite,  v.  AnthophyUite. 
Anthophyllite,  378. 
Anthracite,  895. 
Anthracoxenite,  898. 
Antigorite,  839. 
Antillite,  839. 
Antimonblende,  263. 
Antimonbiathe,  v.Valentinite. 
AntimongUma,  310. 
Antimbnite,  310. 
Antimonsilber,  313. 
Antimony,  Native,  304. 
Antimony  Qlanoe,  310. 
Apatite,  843. 

Aphanesite  v.  Clinoclasite. 
Aphrite,  Aphrizite,  808»  878. 
Aphrodite,  337. 
Aphrosiderite,  884. 
Aphthalose,  Aphthitalite,  868. 
Apjohnite,  378. 
Aplome,  383. 
Apophyllite,  8ia 
Aqnaorepitite,  839. 
Aquamarine,  377. 
Aragonite,  883. 
Aragotite,  893. 
Arcanite,  868. 
Ardennite,  388. 
Arf  vedsonite,  376. 
Argentine,  878. 
Aigentite,  318. 
Arite,  331. 
Arkansite,  356. 
Arksntite.  348. 
Arquerite,  303. 
Arragonite,  883. 
ArseneiHon,  v.  Leaoopyrite. 
Aneneisenainter, «.  Pittioite. 


Arsenic,  Native,  304. 
Arsenica]  Antimony,  306. 
Arsenikkies,  335. 
Arsenikkupfer,  313. 
Arsennickelgliuu,  334. 
Arsenioaiderite,  356. 
Arsenite,  v,  Axsenolite. 
Arsenolite,  363. 
Arsenopyrite,  335. 
Asbestos,  375. 

Bine,  «.  Groddolitc 
Asbolan,  Asbolite,  361. 
Asmanite,  366. 
Asparagus-stone,  843. 
Aspasiolite,  331. 
Asphaltum,  894. 
AspidoUte,  390. 
Astrakanite,  v.  Blddite. 
Astrophyllite,  391. 
Atacamite,  339. 
Atelestite,  856. 
AteUte,  340. 
Augite,  371. 
Aurichaloite,  888. 
Auriferous  pyrite,  199. 
Auripigmentum,  310. 
Automolite,  350. 
Autunite,  857. 
Aventurine  quarts,  364. 

feldspar,  801,309,  808. 
Axinite,  388. 
Azorite,  837. 
Azurite,  389. 

Babingtooite,  378. 
Bagrationite,  e.  AUanitflb 
Baikalite,  v.  Sahlite. 
Bamhardtite,  333. 
Barite,  865. 
Bartholomite,  373. 
Baryt,  Barytes,  865. 
Baiytocalcite,  886. 
Barytooelestite,  866. 
Basanite,  365. 
Bastite,  339. 
Bastnfisite,  386. 
BathviUite,  898. 
Batrachite,  378. 
Beaumontite,  8311. 
Beauxite,  359. 
Bechilite,  860. 
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Beflstein,  v.  Kephriie. 

Belonite,  110. 

Benzole,  392. 

Berannite,  v.  Yiyianite. 

Bergholz,  275. 

Bergkrystall.  v.  Qnartz. 

Beigraebl,  879. 

Bergmilch,  378. 

Beigol,  391. 

Bergpech,  394. 

Beigseife,  v,  Halloysite. 

Beigtheer,  v,  Pittasphalt. 

Bernstein,  393. 

Beryl,  277. 

Berthierite,  220. 

Berzelianite,  215. 

Beyriohite,  219. 

Bieberite.  373. 

Biharite,  331. 

Bixnsstein,  v.  Punioe. 

Bindheimite,  857. 

Binnite,  229 ;  228. 

Biotite,  290. 

Bismite,  262. 

B  smath,  205. 

Bismuth  glance,  210. 

Bismuthinite,  210. 

Bismntite,  890. 

Bismntoferrite,  280. 

Bittersalz,  372. 

Bitter   spar,   Bitteispa^,    •. 

Dolomite. 
Bitumen,  394. 
Bituminous  coal,  396. 
Black  jack,  215. 
Bliittererz,  Bliittertellur,  227. 
Blatterzeolith,  v.  Heulandite. 
Blaueisenerz,  v.  Yivianite. 
Blaueisenstein.  «.  GrocidoUte. 
Blauspath,  353. 
Blei,  Gediegen,  204. 
Bleiglanz,  213. 
BleigUitte,  245. 
Bleigumme,    v.   Plumbognm- 

mite. 
Bleilasur,  374. 
Bleihornerz,  386. 
Blelni^re,  357. 
Bleinierite,  v.  Bindheimite. 
Bleispath,  385. 
Bleivitriol,  367. 
Blende,  215. 
Blodite,  372. 
Bloodstone,  264. 
Blue  Vitriol,  372. 
Bodenite,  286. 
Bog-butter,  393. 
Bog- iron  ore,  259. 

manganese,  261. 
Bole,  Bolus  =  Halloysite. 
Boltonite,  278. 
Bombiccite,  393. 
ate,  359. 
59. 
245. 


Bomite,  215. 
Borooalcite,  360. 
Boronatrocaldte,  359. 
Bort,207. 
Bosjemanite,  373. 
Botallackite,  v,  Atacamite. 
Botryogen,  373. 
BotryoUte,  313. 
Boulangerite,  232. 
Boumonite,  231. 
Boussingaultite,  370. 
Bowenite,  275,  328. 
Bragite,  340. 
Branderz,  «.  Idrialite. 
Brandisite,  336. 
Brauneisenstein,  258. 
Brannite,  255. 
Braunkohle,  396. 
Braunspath,  379. 
Bredbergite,  282. 
Breislakite,  v.  Pyroxene. 
Breithauptite.  221. 
Breunerite,  380. 
Brewsterite,  325. 
BriUile  silver  ore,  o.  Stephanite. 
Broohantite.  374. 
Bromaigyrite,  238. 
BromUte,  884. 
Bromsilber,  288. 
Qromyrite,  238. 
Bioiigniardite,  280. 
Brongnartine,  875. 
Bronzite,  268. 
Brookite,  255. 
Brown  coal,  396. 

iron  ore,  258. 

spar,  379,  380. 
Brucite,  259. 
Brushite,  349. 
Buchobdte,  309. 
Buoklandite,  286. 
Bunsenite,  245. 
Buntkupfererz,  215. 
Bustamite,  272. 
ButyreUite,  393. 
Byerite,  895. 
Bytownite,  ^99. 

Cacholong,  267. 

Cacoxenite,  Caooxene,  356. 

Cairngorm  stone,  264. 

Calait-e,  v.  Oallaite. 

Calamine,  317 ;  382. 

Calaverite,  227. 

Calcareous  spar,  tufa,  876. 878. 

Calcite,  376. 

Calcozincite,  245. 

Calc-sinter,  378. 

Caledonite,  369. 

Callaite,  355. 

Calomel,  238. 

Campy  lite,  345. 

Canaanite  =  White  Pyroxene. 

Cancrinite,  295. 

Cannel  Coal,  895. 


Capillaxy  pyrites,  219. 
Gaporcianite,  316. 
Carbonado,  207. 
Carbon  diamantaixe,  207. 
Camallire,  239. 
Camelian,  264. 
Carpholite,  319. 
Cassiterite,  253. 
Castor,  Castorite,  278. 
Catapleiite,  317. 
Cataspilite,  331. 
Cat's-eye,  264 
Cayolinite,  294. 
Celadonite,  327. 
C'^lestite,  Celestlne,  SOOi. 
Centrallasite,  816. 
Cerargyrite,  288. 
Cerbolite,  370. 
Cerine,  286. 
Cerite.  318. 
CeroUte,  329. 
Cerussite,  385. 
Cervantite,  262. 
CeyUnite,  Ceylonite,  849. 
Chabazite,  822. 
Chalcanthite,  372. 
Chalcedony,  264. 
Chalcocite,  217. 
Chaloodite,  32a 
Chalcolite,  356. 
Chalcomorphite,  819. 
Chaloophanite,  261. 
Chaloophyllite,  858. 
Chalcopyrite,  222. 
Chalcosiderite,  356. 
Cbalcosine,  217. 
Chalcoetibite,  22a 
Chalootrichite,  244. 
Chalk,  378. 
Chalybite,  381. 
Cha&amite,  224. 
Chert,  265. 
Chesterlite,  304. 
Chessy  Copper,  Ches^ylite,  890 
Chiastolitc,  309. 
Childrenite,  355. 
Chiolite,  242. 
Chladnite,  26a 
Chloanthite.  223. 
Cblorallilminite,  238. 
Chlor-apatite,  343. 
Chlorastrolite,  318. 
Chlorite  Group,  888. 
Chloritoid,  336. 
Chloritspath,  336. 
Chlormagnesite,  288. 
Chlorocaloite,  238. 
Chloropal,  328. 
Chlorophjsi^,  334. 
Chlorophane,  241. 
Cblorophyllite,  331. 
Chlorothionite,  23a 
Chlorotile,  351. 
Chodneffite  242. 
Chondnunenite,  860l 
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Chondrodite,  805. 
Chonicrite,  338. 
Chrismatite,  391. 
Chromeisenstein,  252. 
Ghromglimmer,  v,  Fuchsite. 
Chromic  iron,  252. 
Chromite,  252. 
Chrompicotite,  252. 
ChrjTBoberyl,  252. 
Ch  ry  socoU^  3 1 6 . 

r  ,,  %k,  264 
ll^le,  328. 

oKnabor,  218. 
Cinnamon  stone,  281. 
Clarite,  236. 
Cl&udetite,  262. 
ClausthaUte,  214. 
Clay,  329,  et  seg. 
Cleavelandite,  302. 
Clingmanite.  336. 
Clinoolaae,  Clinodaaite,  852. 
Cllnochlore,  334. 
Clinohumite,  306. 
Clintonite,  336. 
CI  oanthite,  224. 
Coal,  Mineral,  395. 

Boghead,  396. 

Brown,  396. 

Cannel,  395. 
Cobalt  bloom,  350. 
Cobalt  glance,  224. 
Cobaltine,  Coboltite,  224. 
Coccoiite,  271. 
Coke,  395. 

Colestine,  v.  Celestite. 
CcBmleolactite,  354. 
OoUyrite,  319. 
Colophonite,  282. 
Columbite,  338. 
Comptonite,  32p. 
Connellite,  369. 
Cookeite,  332. 
Copal,  FoBsU,  898. 
Copaline,  Copalite,  893. 
Copiapite,  373. 
Copper,  Native,  203. 
Copper  glance,  217. 
Copper  mica,  353. 
Copper  nickel,  220. 
Copper  pyrites,  222. 
Copper- vitriol,  v.  Chaloanthite. 
Copperas,  372. 
Coprolites,  344. 
Coqnimbite,  878. 
Cordierite,  289. 
Comwaliite,  352. 
Corandellite,  836. 
Comndophilite,  336. 
Corondam,  245. 
Cor3mite,  225. 
Cosalite,  230. 
Coasaite,  332. 
Cotunnite,  239. 


Covelline,  Covellite.  227. 
Crednerite  256. 
Crichtonite,  248. 
CrocidoUte,  276. 
Crocoite,  Crocoisite,  868. 
Cronstedtite,  835. 
Crookesite.  213. 
Cryolite,  242. 
Cryophyllite,  293. 
CryptohaUte,  242. 
CryptoUte,  342. 
Cryptomorphite,  860. 
Cuban,  Cubanite,  223. 
Culsageeite,  333. 
Cummingtonite,  275. 
Cuprocolcite,  389. 
Cuprite,  244. 
Cupromagnesite,  873. 
Cuproscheelite,  362. 
Cuprotungstite,  362. 
Cyanite,  310. 
Cyanochalcite,  817. 
Cyanotrichite,  370. 
Cymatolite,  327. 

Damoorite,  881. 
Danaite,  226. 
DanaUte,  280. 
Danburite,  289. 
Datholite,  DatoUte,  812. 
DaubreeUte,  220. 
Daubreite,  240. 
Davidsonite,  277. 
Davyne.  Daviiui,  294. 
Dawsonite,  388. 
Dechenite,  345. 
Degeroite,  332. 
Delessite,  334. 
Delvauxite,  o.  Dufrenite. 
Demidoffite,  817. 
Derbyshire  spar,  v.  Flaorite. 
Descloizite,  345. 
Desmine,  321 
Dewalquite,  28a 
DeweyUte,  829. 
Diabantachronnyn,  388. 
Diabantite,  833. 
Diaclasite,  269. 
Diadochite,  357. 
Diallage,  Green,  271. 
Diallogite,  Dialogite,  881. 
Diamond,  206. 
Dianite,  v.  Columbite. 
Diaphorlte,  280. 
Diaspore,  257. 
Dichroite,  289. 
Dihydrite,  852. 
Dimorphite,  210. 
Dinite,  392. 
Diopeide,  271. 
Dioptase,  279. 
Dipyre,  294. 

Discrasite,  o.  Dysorasite. 
Disterrite  =  Brandiaite. 
Disthene,  810. 


Ditroyte,  295. 
Dog-Tooth  Spar,  878, 
Dolerophanite,  868. 
Dolomice,  379. 
Domeykite,  212. 
Doppdspath,  377. 
Dopplerite,  393. 
Dreelite,  3(58. 
Dry-bone,  382. 
Dudleyite,  336. 
Dufrenite,  356. 
Dufrenoysite,  229. 
Durangite,  348. 
Duxite,  393. 
Dyscrasite,  212. 
Dysluite,  250. 
Dysodile,  393. 
Dysyntribite,  831. 

Earthy  Cobalt,  261. 
Edenite,  275. 
Edingtonite,  319. 
Edvirardsite,  v,  Monaiite. 
Ehlite,  352. 
Eisenblttthe,  888. 
Eisenglanz,  246. 
Eisenglimmer,  247. 
Eisenkies,  221. 
Eisenkiesel,  v.  Quarts. 
Eisenroee,  247. 
Eisensinter,  v.  Pittidte. 
Eisenspath,  381. 
Eisspath,  304. 
Ekebergite,  294. 
Ekmaunite,  332. 
ElseoUte,  294. 
Elaterite,  392. 
Electrum,  199. 
Embolite,  238. 
Embrithite,  v,  Boulangerifetb 
Emerald,  277. 
Emerald  nickel,  888. 
Emery,  246. 
Emplectite,  228. 
Enargite,  285. 
Euceladite,  v.  Warwidkito. 
Enstatite,  26a 
Enysite,  375. 
Eosite,  363. 
Ephesite,  832. 
Epiboulangerite,  232. 
Epidote,  285. 
Epigenite.  236. 
Epistilhite,  325. 
Epsom  Salt,  Epeomite,  871. 
Erbsenstein,  878. 
Erdkobalt,  261. 
Erdol,  394. 
Erdpech,  394. 
Eremite,  v.  Monoate. 
Erinite,  852. 
Erubesoite,  215. 
Erythrite,  850. 
Erythrosiderite,  280. 
Esmarkite,  831. 
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EsMnite,  282. 
Ettringrite,  878. 
Eacairite,  218. 
Eachroite,  351. 
Euclase,  311. 
EacoJite,  277. 
Eodialyte,  Eadyalite,  277. 
Eadaophite,  322. 
EageDglans,  v.  Polybarite. 
Enkairite.  v.  Enoairite. 
Eoklas,  311. 
Eulytine,  Ealjtile,  880. 
Eamanite,  256. 
Eooflinlte,  393. 
Enphyllite,  333. 
Eaxenite,  340. 

Fahlerz,  ^33. 

Fahlunite,  331. 

Famatinite,  236. 

FaBerqnartz,  276L 

Foasaite,  271. 

Faujaaite,  322. 

FaoKerite,  372. 

Fayalite,  278. 

Feather  ore,  220. 

Fedcrerz.  229. 

Feitaui,  287. 

Feldspar  Ozxmp,  297. 

Felstte,  301,  304. 

FeldspaUi,  v.  Feldqpar. 

Fergiuonite,  340. 

Ferroilmenite,  338. 

Feuerblende.  230. 

Feuerstein,  265. 

Fibroierrite,  373. 

Fibrolite,  309. 

Fichtelite,  392. 

Fiorite,  267. 

Fireblende,  230. 

Flint,  205. 

Float-stone,  267, 

Flos  ferri,  383. 

Fluellite,  242. 

Fluocerite,  242. 

Fluorapatite,  343. 

Fluor,  Fluorite,241. 

Fluor  Spar,  241. 

Flussspatb,  241. 

Foliated  tellurium,  t.  Nagya- 

gite. 
Fontainebleau  limestone,  378. 
Fore8ite,  325. 
Foraterite,  278. 
Fowlerite,  272. 
Francolite,  843. 
Franklinite,  251. 
Freibergite,  233. 
Freieslebenite,  230. 
Frenzelite,  211. 
Frie<lelite,  280. 
Fuchsite,  292. 

Qadolin,  Gadolinite,  287. 
Qahnite,  250. 


Galeuk  Galenite,  213. 
Oaimei,  317,  388. 
Oamet^SSO. 
Qaniierite,  328. 
Gastaldite,  276. 
GoaiioTiilitev  37QL 
6^-LiuBite,  387. 
Gearksatite,  243. 
Gehlenite,  309. 
Geierite,  «.  Geyerite. 
Gekzosstein.  867. 
Geibbleieis,  862. 
Oenthite,  329. 
Oeoceiite.  398. 
Geomyridte,  398. 
Geocronite*  835. 
(Jersdorffite,  284. 
Geyerite,  226. 
Geyserite,  267. 
Gibbsite,  860. 
Gie8eckite,330;  295. 
GigantoUte.  331. 
Gilbertite,  331. 
GiUingite,  338. 
Girasol,  267. 

Gismondine,  Gismoodite,  319. 
Glanzkobalt,  v.  Cobaltite. 
Glaseihe, «.  Aroanite. 
Glaserz,  Qlamers,   «.  Argen- 

tite. 
Glaaber  salt,  870. 
Glauberite,  369. 
Glanoodot,  226. 
Glaucouite,  327. 
Glaucophane,  276. 
Glimmer,  v.  Mica. 
Globulites,  110. 
Gmelinite,  323. 
Gold,  199. 

Goldtellur,  o.  Sylvanite. 
Goehenite,  277. 
Goalarite,  373. 
Gothite,  258. 
Grahaiuite,  394. 
Grammatite,  275. 
Granat,  280. 
Graphic  tellurium,  226. 
Graphite,  20a 

Graukupiferen,  v.  Tennantite. 
Gray  antimony,  210. 

copper,  233. 
Greenockite,  220. 
Greenovite,  313. 
Grenat«  v.  Garnet. 
Grochauite,  335. 
Grossularite,  281. 
Griinauite,  215. 
Grilnbleierz,  344. 
Guadalcaxarite,  219. 
Guanajuatite,  211. 
Guano,  343. 
Guarinite,  314. 
Giimbelite,  331. 
Guyaquillite,  393 
Gymnite,  329. 


Gyps, «.  Gypsna. 
Gypfium,  370. 
Gyrolite,  316. 

Haarkies,  219;  225. 

Haarsalz,  373. 

Hafnefiordite,  301. 

Hagemannite.  243. 

Haidingerite,  349. 

Halite,  237. 

Hallite,  333. 

Halloysite,  330. 

Halotrichite,  373. 

Hamartite,  386.  \^ 
'Harmotome.  324 

Harrisite,  218. 

Hartite,  392. 

HatchetUte,  HatchettiM) 

Hauerite,  222. 

Hausmannite,  255. 

Hauyne.  QaQynite,  2M. 

Haydenite,  322. 

Haytorite,  313. 

Heavy  spar,  365. 

Hebronite,  348. 

Hedenbergite.  271. 

Hcdyphane,  345. 

Heliotrope,  264. 

Uelvin.  Helvite,  28a 

Hematite,  246. 
Brown,  258. 

Henwoodite.  356. 

Hercynite,  250. 

Hetderite,  348. 

Uermannolite.  339. 

Herschelite,  322. 

Hessite,  216. 

Hessonite,  v.  Essonite. 

Hcteromorpbite,  v.  Jai 
ite. 

Heulandite,  325. 

Hezagonice.  276. 

Hielmite,  3;J9. 

Highgate  reain.  393. 

Hisingerite,  332. 

Hoernesite,  349. 

Holzopal,  r.  Wood  Opal 

Holz  Zinn,  253. 
■  Honey-atone,  Honigstei 
I  Horbachite,  219. 
;  Hornblende,  274. 
\  Horn  silver.  2-18. 

Hornstone,  2(35. 

Horse-llesh  ore,  v,  Borz 

Hortonolite.  278. 

Houghite,  200. 

Hovite,  388. 

Howlite,  360. 

Huantajayite,  237. 

Hiibnerite,  3G1. 

Humboldtine,  390. 

Humboldtilite,  284. 

HumboWtitc,  313. 

Humite,  'M%  306. 

Hureaulite,  350. 
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Hnronitd,  831. 
Hyacinth,  282,  283. 
Hyalite,  267. 
Hyalophane,  300. 
Hyalosiderite,  278. 
HydrargiUite,  2C0. 
Hydrargyrite,  245. 
HydraiUic  limestone,  878. 
Bydroonprite,  244. 
Hydrocyanite,  868. 
Hydrodolomite.  888. 
Hydrofluorite,  242. 
Bydromagnesite,  387. 
Hydro-mica  Gronp,  83t. 
Hydrophite,  329. 
Hydrotalcite,  260. 
Bydrotitanite,  249. 
Hydiozincite,  38a 
HygrophUite,  331. 
Hyparg^rrite,  228. 
S^penbhene,  268. 
Hypochlorite,  280. 

Ice  ipar,  803. 
Iceland  spar,  377. 
Idociaae,  283. 
UzlaUne,  Idriallta;  898. 
IUBlte,873. 
IbMnite,  247. 
nwmannite.  23S. 

Jbdiaalte,  290. 

>Utie,  808. 
ite,238. 
IsUber,  238. 
lyrite,  238. 
lolite,  289. 
Iridosmine,  202. 
Iron,  2C4 
Izon  pyrites,  221. 

Magnetic,  219. 

White,  225. 
Ironstone,  Clay,  247,  259. 
laerine,  Iserite,  248. 
Isoclasite,  351. 
Itacolamyte,  207. 
Ivigtite,  332. 
Ixolyte,  392. 

Jacobsite,  250.  • 
Jade,  Common,  275. 
Jadeite,  287. 
Jamesonite,  229. 
Jargon,  283. 
Jasper,  265. 
Jaolingite,  898. 
Jefferisite,  333. 
Jeffenonite,  271. 
Jenkinsite,  329. 
Jet,  396. 
Johannito,  375. 
Jollyte,  332. 
Jordanite,  229. 
Joeeite,  211. 
Jolianite,  234. 

31 


K.  B. — Many  namea  spelt 
with  an  initial  K  in  German, 
begin  with  C  in  English. 

Ealoit,  355. 
Kaliglimmer,  291. 
Kalinite,  373. 
Kalk-Harmotome,  v.  Phillips - 

ite. 
Ealk-uranit,  357. 
Kalkspath.  376. 
Kalk-volborthit,  852. 
Kallait.  355. 
KaluHzite,  372. 
Kiimmercrite,  388. 
Kammkies,  225. 
Kaolin,  Kaolinite,  889. 
Karelinitc,  262. 
Katzenau<^e,  264. 
Keatingine,  273. 
KeUhauite,  314. 
Kenngottite,  228. 
Kerargyrite,  23a 
Kermes,  Kermesite,  262L 
Kerolith,  v.  Cerolite. 
Kerrite,  ^33. 
Kiesel,  v.  Qaartz. 
Kieselknpfer,  316. 
Kieselwismuth,  280. 
Kieselzinkerz,  817. 
Kieserite,  372. 
Killinite,  331. 
Kischtimite,  380. 
Kjcrulfiue,  346. 
Klaprotholite,  229. 
Kiinochlor,  334. 
KnebeUte,  278. 
Kobaltbluthe,  350. 
Kobaltglanz,  224. 
Kobaltkies,  «.  Llnnasite. 
Kobaltnickelkies,  223. 
KobelUte,  232. 
Kochelite,  341. 
Koohsalz,  237. 
Kohle,  V.  CoaL 
Kokkolit,  V.  Coccolite. 
KongHbergite,  203. 
Konigine,  374. 
Konlitc,  392. 
Koppite,  ;i37. 
Korarfveite,  346. 
Kottigite,  350. 
Koruud,  V.  Comndnm. 
Kotschubeite,  335. 
Koapholite,  318. 
Krantzite,  393. 
Kreittonite,  250. 
Kremersite^  239. 
Krisnyigite,  375. 
Krunkite,  375. 
Kupferautimonglans,  228. 
Kupferbleispath,  374. 
Kupferglana,  217. 
Kapferglimmer,  358. 
Kupferindig,  227. 


Knpf  erkiea,  228. 
Knpferlasur,  389. 
Kupfcmickel,  220. 
Kupfersammberz,  375. 
KnpferRchanm,  352. 
KnpferRchwiirzo,  245. 
Kupfferite,  274. 
Knpfer-uranit,  356. 
Kupfer-vitriol,  372. 
Kupferwismnthglanz,  2881 
Kyanite,  310. 

Labradorite,  299. 
Labrador  feldspar,  899. 
Lagonite,  360. 
Lampadite,  261. 
Lanarkite,  369. 
Lang^te,  375. 
Lanthanite,  88a 
Lapis-lazuli,  296. 
Lardorellite,  860. 
Lasurstein,  296. 
Latrobite,  «.  Anorthite. 
Laomonite,  Laamontite,  810 
Laurite,  225. 
Laxmannite,  864. 
Laznlite,  853. 
Lead,  204. 
LeadhiUite,  868. 
Leberkies,  v.  Marcaaite. 
Lecontite,  370. 
Lcdererite,  823. 
Lederite,  314. 
Lehrbachite,  215. 
Leopoldite,  238. 
LepidoUte,  292. 
fiepidomelane,  891. 
Lesleyite,  338. 
Letteomite,  870. 
Leucangite,  871. 
Lenchtenbeigite,  880. 
Lenoite,  296. 
Leucopetrite,  898. 
Lencophanite,  278. 
Leucopyrite,  226. 
Leviglianite,  219. 
Levyne,  Levynite,  88L 
Lherzolyte,  249. 
Libethenite,  851. 
Liebigite,  390. 
Lievrite,  287. 
Lignite,  396. 
Ligurite,  314. 
Limbachite,  889. 
Limestone,  378,  879. 
Limonite,  258. 
Linarite,  374. 
LinnsBite,  223. 
Linsenerz,  352. 
Liroconite,  352. 
LithiongUmmer,  292 
Lithographic  Stone,  J  78. 
Lithomarge,  330. 
Livingfstonite,  210. 
Loicanite,  334. 
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LoUingite,  226 
Loweite,  372. 
liowigite,  374. 
LoxoclaRe,  304. 
Ludlamite,  350. 
Ludwigite,  358. 
Ltineburgite,  360. 
Luzonite,  236. 
Lydiou  stone,  265. 

Macle,  309. 
Maconite,  333. 
MogneHioferrite^  251* 
Magnesite,  380. 
Magneteiscnstein,  250. 
Magnetic  iron  ore,  250. 
Magnetic  pyrites,  219. 
Miignetite,  250. 
Magnetkies,  219. 
Maguoferrite,  251. 
Malachite,  Bine,  389. 

Green,  389. 
Malacolite,  271. 
Maldonite,  199. 
Malinowskite,  234. 
Manganblende,  v.  Alabandite. 
Manganepidot,  286. 
Manganglanz,  215. 
Maoganite,  258. 
Manganocalcite,  384. 
Manganophyllite,  290. 
Manganspath,  381. 
Marble,  378. 

Verd-antiqne,  828. 
Marcasite,  225. 
Margarite,  335. 
Margarites,  110. 
Mrirgaroditc.  331  ;  292. 
MargarophvUites,  326,  et  seq, 
Marialite,  294. 
Marionite,  388. 
Marmatite,  216. 
Marmolite,  328. 
Martito,  247. 

Mascagnine,  Masoagnite,  870. 
Maskelynite,  300. 
Masonit«,  330. 
Massicot,  245. 
Matlockite,  240. 
Maxite,  \)m. 
Medjidito,  375. 
Meei'Bcbauin,  o27. 
Megabasite,  301. 
Mnionite,  293. 
Melaconite,  215. 
Melan^'lanz,  v.  Stephonlte. 
MclanitH,  282. 
Mclaiiooliroite,  364. 
Mohuinphlogite,  207. 
M«,-l;iii(.>i.lorit(i,  259. 
MflaiiU'ritp.  :>7:{. 
MdiiJii.'.  .Mdlilito,  284. 
>l'liii(i])haiu!,  t2TH. 
M.li|,h:uiite,  278. 
MuUuc,  :j;i»o! 


Melonite,  227. 
Menaccanite,  247. 
Mendipite,  240. 
Mendozite,  873. 
Meneghinite,  234. 
Mengite,  340. 
Mennige,  255. 
Mercury,  Native,  203. 
MesitiDe,  Mesitite,  381. 
Mesolite,  321. 
Mesotype,  320. 
Metabrushite,  849. 
Metacinnabarite,  219. 
Metaxite,  329. 
Meymacite,  262. 
Miargyrite,  227. 
Mica  Group,  289. 
Michaelsonite,  286. 
Microcline,  804. 
Microlite,  337. 
Microphlyllites,  Microplakites, 

300. 
MicroBommite,  295. 
Middletonite,  393. 
Mikroklin,  v,  Microcline. 
Millerite,  219. 
Mimetene,  Mimetite,  844. 
Mimetese,  Minetesite,  844. 
Mineral  coal,  395. 

oil,  391. 

pitch,  394. 

tar,  391. 
Minium,  255. 
Mirabilite,  370. 
Mispickel,  225. 
Misy,  373.' 
Mizzonite,  294. 
Molybdiiuglanz,  211. 
Molybdiiuocker,  262. 
Molybdenite,  211 
Molybdite,  202. 
Molysite.  239. 
Monazite,  840. 
3IoudHtein,  v.  Moonstone. 
Monimolite,  848. 
MonroUte,  310. 
Montanite,  375. 
Monte  brasite,  348. 
Monticellite,  278. 
Montmartite,  v.  Gypsum. 
Montmorillonite,  327. 
Moonstone,  301,  302,  303. 
Morenosite,  373, 
Moroxite,  343, 
Mosandrite,  287. 
Mottramite,  352. 
Mountain  cork,  275. 

leather,  275. 
Muromontite,  286. 
MuscoA'itG,  29 1. 
Miisenite,  t.  Siegenite. 

XadeleiBenerz,  258. 
Nadelcrz,  232. 
NadeUeolith,  320. 


Nadorite,  848. 
Nagyagite,  227. 
Namaqualite,  260L 
Nantokite,  288. 
Naphtha,  891. 
Napthaline,  392. 
NatroUte,  820. 
Natron,  887. 
Natronborocalcite,  859. 
Naumannite,  218. 
Needle  ore,  v,  Aikinite. 
Nemalite,  260. 
Neotokite,  332. 
Nepheline,  Nephelite,  294. 
Nephrite,  275. 
New'janskite,  202. 
Newportite,  336, 
Niccolite,  220. 

Nickel  glance,  v.  Gersdorffiti 
Nickelarsenikglanz,  224. 
Nickelarsenikkies,  224. 
Nickelbluthe,  350 
Nickelglanz,  c  Gersdorflate. 
Nickel-Gymnite,  829. 
Nickelkies,  219. 
Nickelsmaragd,  888. 
Niobite,  338. 
Nitre,  357. 
Nit;:ocalcite,  357. 
Nitro.  1;*        it'   357. 
Nitromaguenite,  3o7. 
KohUte,  340. 
Nontronite,  328. 
Nosean,  Nosite,  296. 
Nouraeite,  329. 
Nuttalite.  v.  Wemerite. 

Ochre,  red,  247. 
Octahcdrite,  255. 
(EUacherite,  332. 
Okenite.  316. 
01dhamit<i,  213. 
Oligoclase,  301. 
Olivenite,  351. 
Olivine,  278. 
Onyx,  2G.J, 
Oolite,  378. 
Opal,  2G6. 
Ophiolite,  328,  380. 
Orangite,  318. 
Orpiment,  209. 
Orthite,  286. 
Orthoclase,  3a3. 
Osmiridium,  202. 
Osteolite,  343. 
Ottrelite.  336. 
Ouvarovite,  282. 
Owenite,  336. 
Oznrkite,  320. 
Ozocerite,  Ozokerit,  3951 

Taohnolite,  243. 
Pagodite.  327,  330. 
Paisl^rgite,  272. 
Palagonite,  331. 
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Palladiam,  Native,  203. 
Paraffin,  391. 
Paragonite,  332. 
Parankerite,  380. 
Paranthitef  294. 
Parasite,  v.  Boracite. 
Parathorite.  318. 
Pargasite,  275. 
Parisite.  386. 
Parophite,  331. 
Pattersonite,  336. 
PeaUte,  267. 

Pearl-mica,  v.  Margarite. 
Pearl-spar,  379. 
Pechkohle,  395. 
Pechopal,  267. 
Pectolite.  315. 
Peganite,  356. 
Pegmatolite,  v.  Orthoclaae. 
Pelhamite,  333. 
Pencatite,  388. 
PeDxiine,  Penninite,  333. 
Percyliie,  240. 
Periclase.  Periclasite,  245. 
Peridot,  278  ;  308. 
Pericline,  Periklin,  302. 
Peristerite,  302. 
Perlglinimer,  335. 
Perthite,  304. 
Perofskite,  248. 
Perowskit,  248. 
Petalite,  273. 
Petroleum,  391. 
Petzite,  217. 
Phacolite.  322. 
Pharraacolite,  348. 
Pharmacosiderite,  354. 
Phenacite,  Phenakit,  279. 
Phillipite,  375. 
Phillipsite,  32;J. 
Phlogopite,  290. 
Pbcenicochroite,  304. 
Pholerite.  3o0. 
Ph08genite,  386. 
Phosphocerite,  342. 
Phosphochalcite,  352. 
Phosphochromite,  364. 
Phosphorite,  343. 
Phyllite,  336. 
Physalibe,  311. 
Piauzite,  394. 
Pickeringite,  373. 
Picotite,  249. 
PicroUte,  329. 
Picromerite,  372. 
Picropbarmacolite,  349. 
Pictite,  314. 
Piedmontite,  286. 
PihUte,  327. 
Pilinite,  322. 
Pimelite,  329. 
Pinite,  330. 
Pisanite,  373. 
Pisolite,  378. 
Pistacitc,  Pistazit,  285. 


Pisiomesite,  381. 
Pitchblende,  252. 
Pittasphalt,  391. 
Pitticite,  Pittixit,  857. 
Plagioclase,  297. 
Plagionite,  229. 
Plasma,  264. 
Plaster  of  Paris,  371. 
Platinum,  Native,  201. 
Platiniridium,  202. 
Pleonaste,  v,  SpineL 
Plumbago,  208. 
Plumallophane,  319. 
Plumbogummite,  355. 
Plumbostib,  v.  Boalangerite. 
Polianite,  256. 
Pollucite,  PoUux,  277. 
Polyargite,  331. 
Polyargyrite,  235. 
Polybasitc,  2;J5. 
Polycrase,  340. 
Poljchroilit«,  331. 
PolyhaUte,  371. 
Polyiiiignite,  340. 
Poonabiite,  321. 
PorceUophite,  329. 
Prane,  204. 
Prasine,  352. 
Praseolite,  331. 
Predazzite,  388. 
Pregattite,  332. 
Prehnite,  318. 
Priceite,  360. 
Procblorite,  335. 
Proidonite,  242. 
Prosopite,  243. 
Protobastite,  268. 
Proustite,  231. 
Prussian  blue,  Native,  850. 
Przibramite,  216,  258. 
Pseudocotunnite,  239. 
Pseudoinalachite,  352. 
Pseudopbite,  334. 
Psilomelane,  200. 
Psittacinite,  '352. 
Pucherite,  345. 
Purple  copper,  215. 
Pycnite,  r.  Topaz. 
Pyrallolite,  326. 
Pyrargillite,  331. 
Pyrargyrite,  230. 
Pyreneite.  282. 
Pyrgom,  271. 
Pyrite,  221. 
Pyrites,  Arsenical,  225. 

Auriferous,  199. 

CapiUary,  219. 

Cockscomb,  225. 

Copper,  222. 

Iron,  221. 

Magnetic,  219. 

Iladiated,  225. 

Spear,  225. 

White  iron,  225. 
Pyrochlore,  337. 


Pyrochroite,  260. 
Pyroconite,  243. 
Pyrolusite,  256. 
Pyromorphite,  344. 
Pyrope,  281. 
Pyrophyllite,  327. 
Pyropissite,  392. 
Pyroretinite,  393. 
PyroBclerite,  333. 
Pyrosmalite,  318. 
Pyrostilpnite,  230. 
Pyroxene,  270. 
Pyrrhite,  337. 
Pyrrhoaiderito,  258. 
Pyrrhotite,  219. 

Quartz,  2({2. 

Quecksilbcrbranderz,  39S. 
Quecksilberhomerz,  238 
QuicksUver,  202. 

Rudelerz,  231. 
Radiated  pyrites,  225. 
Haimondite,  373. 
Ualstonite,  243. 
Katofkite,  241. 
Rauite,  320. 
Baumite,  331. 
Realgar,  209. 
Red  copper  ore,  244. 

hematite,  247. 

iron  ore,  247. 

ochre,  247. 

silver  ore,  230,  2(1, 

zinc  ore,  244 
Refdanskite,  329. 
Remiugtonite,  388. 
Rensselaerite,  326. 
Rcsanite,  317. 
Resin,  Mineral,  393. 
Restormclite,  331. 
RetinaUte,  329. 
Retinite,  393. 
Reussinite,  393. 
Rhietizite,  810. 
Rhagite,  355. 
Rhodochrosite,  38L 
Rhodonite,  272. 
Rhomb -spar,  379. 
Rhyacolite,  304. 
Rionite,  234. 
Ripidolite,  334. 
Rittingerite,  230. 
Rivotite,  348. 
Rock  cork,  r.  Hornblendes 

crystal,  264, 

meal,  379. 

milk,  378. 

salt,  237. 
RoBmerite,  373. 
R<Bpperite,  278. 
Rcessleritc,  349. 
Rogeustein,  378. 
Romeine,  Romeite,  848. 
Roscoelito,  345. 
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Boae  quartz,  264. 
Roselite,  350. 
Rosthomite,  893. 
Roaite,  331. 
Rothbleierz.  363. 
Roiheiscnerz,  246. 
Rothgultigerz,  230,  231. 
Rothkupfererz,  244. 
Rothnickelkiee,  220. 
Rothoffite,  281. 
Rotbzinkerz,  244. 
Bubellite,  308. 
Rubj,  Spinel,  Almandine,  249. 

Oriental,  246. 
Rubv-blende,  v.  Pyrargyrite. 
RubV  silver.  230,  231. 
Rutherfordite,  340. 
RutUe,  254. 
Ryacolite,  v.  Rhjaoolite. 

Sablite,  271. 
Sal  ammoniac,  238. 
Salmiak,  238. 
Salt.  Common,  237. 
Saiiinrskite,  339. 
Sammetblende,  258. 
Sanidin,  30;3. 
Saponite,  330. 
Sapphire,  240 ;  308. 
Sarcolite,  294. 
Sarcopside,  347. 
S.ird,  2()5. 
Sardonyx,  265. 
Sartorite,  228. 
Sciftholite,  Sajfsolin,  358. 
SuLiii-si)ar,  371,  378,  383. 
Sau-^surito,  2^7. 
Savite.  r.  Natrolite. 
Scapolite  Group,  293. 
Sohaunispath,  378. 
Bcbcelite,  302. 
SclH^ererite,  391. 
Schicferspath,  378. 
Sohilf^aastTz.  230. 
Schiller-spar.  329. 
Sohirineritt'.  229. 
Sell  111  ir^el,  240, 
Sohnilouiito,  315. 
Schraiitito,  393. 
Scbrciber>ite.  220. 
Schrifterz,  Scbritt-tellur,  220. 
Sohruckeringite.  390. 
Schui)penHt^.i!i,  293. 
Schwartzeiiibergite,  240. 
S«'-hwarzkui)t»»r(rz,  245, 
Schwutzilo.  233. 
Schwefelkiea,  221. 
Scliwersjmlh,  305. 
Sclorotinite,  l{'J3. 
Sol.  roolasc.  22fS. 
t^<''>locite,  Scolozite,  321. 
Soi'rodite,  3."):^ 
Sv»^b:u-hiio,   322. 
Seleiiblei,  214. 
Seleuite,  371. 


Selenqnecksilber,  215. 
Sellaite,  242. 
S^meline,  318. 
Senarmontite,  262. 
SepioUte,  327. 
Serpentine,  328. 
Seybertite,  336. 
Shepardite,  220. 
Siderite,  381. 
Siegbnrgite,  303. 
Siegenite,  223. 
Silaonite,  211. 
Silberamalg^m,  203. 
Silberglanz,  213. 
Silberhomerz,  238. 
Silberkupferglanz,  218. 
Silex,  9.  Quartz. 
SUicified  wood,  264. 
Siliceous  sinter,  265,  267. 
Silicoborocalcite,  360. 
SilUmanite,  300. 
Sdver,  201. 
Silver  glance,  213. 
Simonyite,  372. 
Sinter,  Siliceous,  265,  267. 
Sismondine,  336. 
Sisserkite,  202. 
Skapolith,  v.  Scapolite. 
Skleroklas,  t,  Sartorite. 
Skolezit,  V.  Scolecite. 
Skutt^rudite,  224. 
Smaltine,  Smaltite,  223. 
Smaragdite.  275. 
Smectite,  327. 
Smithsouite,  382. 
Soapstone,  326. 
Soda  nitre,  359. 
Sodalite,  295. 
Sommite,  294. 
Sonnenstein,  v.  Sunstone. 
Spargelstein,  343. 
Spathic  iron,  381. 
Spatbiopyrite,  224. 
Spear  Pyrites,  225. 
Speckstein,  320  ;  330. 
Specular  Iron,  246. 
Speerkies,  225. 
Spessartite,  282. 
SpciskoVjalt,  223. 
Sphajrosiderite,  381. 
SphaeroHt  ilbite,  324. 
Sphalerite,  215. 
Sphene,  313. 
Spiauterite,  220. 
Spinel,  249. 
Spinthere,  313. 
Spodumene,  273. 
Sprtxlglaserz,  234. 
Sprudelstein,  383. 
Staffelite,  v.  Phosphorite. 
Stalactite,  378. 
Stalagmite,  378. 
Stauekite,  393. 
Stannite,  223. 
Staurolite,  Staurotido,  314. 


Steatite,  826. 
Steinkohle,  39S. 
Steinraark,  330. 
Steinol,  391. 
Steinsalz,  237. 
Stephanite,  234. 
Sterlingite,  332. 
Stembergite,  218. 
Stibiofcrrite,  848. 
Stibnite,  210. 
Stilbite,  324 ;  825. 
Stilpnomelane,  327. 
Stolzite,  362. 
Strahlerz,  352. 
Strahlkies,  225. 
Strahlstein,  275. 
Strahlzeolith,  17.  Stilbite. 
Strigovite,  335. 
Stromeyerite,  218. 
Strontiauite.  384. 
Struvite,  849. 
Stylotyp.  Stylotypite, 
SuccineUite,  393. 
Succinite,  392. 
Sulphur,  Native,  206. 
Sunstone,  301,  303. 
Susannite,  309. 
SuRsexite,  358. 
Sylvanite,  220. 
Sylvine,  Sylvite,  238. 
Syngenite,  372. 
Szaibelyte,  358. 


Tabergite,  334. 

Tabular  Fpar,  209. 

Tachhydrite,  239. 

Tafelspath,  209. 

Tagilite,  351. 

Talc,  320. 

TaUingite,  240. 

Tantalite,  337. 

Tapalpite,  217. 

Tapiolite,  339. 

Tasmanite,  393. 

Tellur,  Gediegen,  205. 

Tellurbismuth,211. 

Tellurium,  Hismuthio.  211, 
Foliated,  227:  ' 
Graphic,  226.    -  > 
Native,  205. 

Tellursilber,  210. 

Telhirwisrauth,  211. 

Tengerite,  388. 

Tennantite,  234. " 
^Tenorite,  245.      *^       ' 

Tephroite,  278.      ^ 

Tosseralkies,  224. 

Tetradymite,  211. 

TetraheJrite,  233. 

Thenardite,  308 

Thomsenolite,  24.% 

ThomRomte,  320. 

Thorite,  318. 

Thulite,  287. 

Thuringite,  336. 
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Tiemannite,  215. 
Tile  ore,  244 
Tin,  Native,  204. 
Tin  ore,  Tin  Stone,  258. 
Tin  pyrites,  d,  Stannite. 
Tinkal,  359. 
Titaneiaen,  247. 
TitJinic  iron,  247. 
Titanite,  313. 
Tiza,  V.  Ulexite. 
Tocomalite,  238. 
Topaz,  310. 

False,  264, 
TopazoUte,  282. 
Torbanite.  396,  393. 
Torbemite,  Torberite,  856. 
Tourmaline,  307. 
Travertine,  378. 
Treraolite,  275. 
Trichite,  110. 
Tridasite,  331. 
Tridymite,  266. 
Triphjlite.  Triphyline,  347. 
Triplite,  347. 
Tripolito,  267. 
Tritoraite,  318. 
Tr6grerite,  357. 
Troilite,  220. 
Trona,  386. 
Troostite,  279. 
Tscheffkinite,  314.. 
Tschermakite,  301. 
Tscherraigite,  373. 
Tufa,  Calcareous,  378. 
Tungstite.  202. 
Turgite,  257. 
Turmalin,  307. 
Tnmerite,  346. 
Turquois,  355. 
Tyrite,  340. 
Tyrolite,  352. 

Ulexite,  359. 
Ullmannite,  225. 
Ultramarine,  296. 
Uniouite,  287. 
Uraconise,  Uraconite,  375. 
Uranglimraer,  356,  357. 
Uranin,  Uraninite,  252. 
Uranite,  356,  367. 
Urankalk,  390. 
Uranmica,  356,  857. 
Uranochaicite,  375. 
Uranophane,  319. 
Uranospinite,  357. 
Uranotantalite,  339. 
Uranotile,  319. 


TTranpecherz,  252. 
Urao,  887. 
Urpethite,  391. 
Uwarowit,  282. 

Vaalite,  833. 
Valentinite,  262. 
Yanadinite,  345. 
y  aaqueline,yauquelinite,  864. 
Verd- antique,  328. 
Vermiculite,  333. 
Vesuvianite.  283. 
Veszelyite,  351. 
Victorite,  268. 
ViUarsite,  318. 
Vitreous  copper,  217. 
sUver,  213. 
Vitriol,  Blue,  372. 
Vivianite,  349. 
Voglianite,  875. 
VogUte,  390. 
Voiknerite,  260. 
Volborthite,  352. 
Voltaite,  373. 
Vorhauserite,  829. 
Vulpinite,  367. 

Wad,  201. 
Wagnerite,  346. 
Walchowite,  893. 
Walpurgite,  857. 
Wapplerite,  349. 
Warringtonite,  374. 
Warwickite,  360. 
WavelUte,  354. 
Websterite,  v.  Aluminite. 
WehrUte,  211. 
Weissbleierz,  885. 
Weiasite,  331. 
Weistjpiessglaserz,  262. 
Wemerite,  294. 
Werthemanite,  874. 
W'estanite,  810. 
Wbeelerite,  398. 
Wheel-ore,  231. 
Whewellite,  390. 
Wliitneyite,  218. 
Wichtine,  Wichtifiite,  277. 
Willeoxito,  336. 
Willemite,  279. 
Williarasite.  329. 
WiLsonite,  331. 
Winklerite,  350. 
Winkworthite,  360. 
Wiserine,  255.  342. 
Wismuth,  Gediegen,  205. 
Wiamutbglanz,  210. 


Wismuthocker,  262. 
Wismnthspath,  890. 
Witherite,  884. 
Wittichenite,  282. 
Wocheinite,  259. 
Wohlerite,  278. 
Wolfachite,  225. 
Wolfram,  861. 
Wolframite,  861. 
Wollastonite,  269. 
WoUongongite,  394. 
Wood-opal,  267. 
Wood  Tin,  253. 
Woodwardite,  875. 
Worthite,  810. 
Wulfenite,  862. 
Wurfelerz,  854. 
Wurtrito,  220. 

XanthophylUte,  386. 
Xanthosiderite,  259. 
Xenotime,  842. 
Xyloretinite,  898. 

Ycnite,  287. 
Yttergranat,  281. 
Ytterspath,  842 
Yttrocerite,  242. 
Yttrotantalite,  889, 34a 
Yttrotitanite,  814. 

Zaratite,  888. 
Zeolite  Section,  820. 
Zepharovichite,  854. 
Zeunerite,  857. 
Ziegelerz,  244. 
Zietrisikite.  892. 
Zinc,  Native.  204. 
Zinc  blende,  215. 
Zinc  bloom,  v,  Hydrozinoita. 
Zinc  ore,  Bed,  244. 
Zindte,  244. 
ZinkblUthe.  888. 
Zinkenite,  228. 
Zinkspatb.  882. 
Zinnerz,  Zinnstein,  259. 
Zinnkies,  228. 
Zinnol>er,  219. 
Zinnwaldite.  v,  Lepidolili^ 
Zippeite,  375. 
Zircon,  282. 
Zoisfte,  286. 
ZobUtzite,  829. 
Zonocblorite,  818. 
Zorgite,  215. 
Zwieselite,  847. 
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